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Abstract 
This dissertation proposes a comprehensive framework for conceptual, 
methodological and instrumental contribution to urban intervention planning and 
public policy design. For a Latin American case study, a prospective multi-
methodology modeling platform was developed to support the novel proposed 
approaches for intervention assessment, as well as to establish a knowledge 
building dynamic for planners using multidisciplinary discussion and, most 
importantly, paradigm confrontation and change.  
Paradigm analysis of both planning and modeling fields drives the strategy to 
establish a scientific bond between underlying analytical approaches and planning 
agents’ visions. The analysis thereby offers a greater understanding of the urban 
problem and an inclusive definition of the city´s selected path for urban 
development, focused on the complex exchange of formal approaches, real 
practice issues, and agents’ professional and methodological biases.  
The compared paradigm analysis allows insertion of the modeling paradigm 
discussion – traditionally reserved to the theoretical arena - into a wider 
philosophical framework for urban planning, intended to facilitate the multiple 
urban analysts’ paradigm confrontation and to establish a strategy based on multi-
paradigm thinking capable of uncertainty and complexity comprehension in 
practice. This analysis drives the planning modeling tools development and the 
communication and appropriation proposals. 
For the case study Medellín Metropolitan Area (Colombia), considering that 
planning is a non-neutral value discipline, City Object/City Subject are presented 
as the main paradigms for urban planning practice and their methodological 
approaches are contrasted with Normative/Descriptive modeling paradigms. A 
stronger bias on physic-spatial focused planning related to the City Object 
proposed paradigm was identified and formalized.  
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A multi-paradigm modeling platform was then built to bridge the City Object + City 
Subject multi-paradigm, which is capable of combined territorial and social actor 
dynamic envisioned through the Normative + Descriptive OR multi-methodology. 
This development enhances the descriptive and explicative power of the urban 
intervention evolution analysis, exploring urban occupation as both a driver and 
driven dynamic of the social actors’ transactions and as a strategic link to assess 
the demand cycles for planning. The demand is redefined as a dynamic variable in 
time and space instead of as an input.  
The developed multi-paradigm multi-methodology platform offers contributions to 
different levels of urban planning modeling and assessment, related to the general 
chain of analysis as well as to each implemented methodology. It especially 
redefines the modeling exercise as an active part of the planning exercise, 
configuring an information added value chain (source, base and results) that feeds 
the knowledge building process and highlights new analysis lines and niches. As a 
result, analysts are compelled to exchange, discuss and confront their position on 
the building impacts of Urban Futures.  
For the case study, the platform offers prospective information on density; 
socioeconomic composition, urban service qualification (distribution, accessibility, 
connectivity) and externality estimation (congestion), among many other indicators 
linked to versatile information systems (geographical and relational). It has been 
supported by several of the local and regional planning agencies and progressively 
integrated into their planning exercises. 
The research offers an analysis framework that acknowledges the urban planning 
exercise’s impact on the evolution of spatial and social exclusion patterns. This 
framework aims for innovation in the planning field in order to build the basis of a 
truly comprehensive planning strategy that tackles the most urgent problems of our 
current and future urbanization processes. 
 
 
Abstract 
  
Table of Contents 
 
1 CHALLENGES IN URBAN PLANNING .......................................................................1 
1.1 Planning: Current Scope .....................................................................................2 
1.2 Planning: New Trends..........................................................................................4 
1.3 Research Aims .....................................................................................................7 
2 CONCEPTUALIZATION: THE PLANNING PARADIGM ANALYSIS ........................11 
2.1 Planning vs. Modeling Paradigms ....................................................................11 
2.1.1 Urban Planning Paradigms: City Object Vs. City Subject ...............................12 
2.1.2 Modeling Paradigms. ......................................................................................16 
2.1.3 Information Vision ...........................................................................................17 
2.2 Proposed Strategy .............................................................................................19 
3 MODELING PLATFORM SPECIFICATION ...............................................................30 
3.1 General Approach: Modeling Sequence Structure .........................................31 
3.2 Territorial Module (MT) Specification ...............................................................34 
3.2.1 Driving Actors..................................................................................................34 
3.2.2 The Territory....................................................................................................35 
3.2.3 Territorial Module (MT) Modeling Sequence Description................................35 
3.2.4 Building Demand Formation............................................................................39 
3.2.5 City Supply Parameterization..........................................................................44 
3.2.6 Transactions Assessment ...............................................................................56 
3.2.7 General Aspects..............................................................................................60 
3.3 Platform Building ...............................................................................................70 
4 MEDELLÍN METROPOLITAN AREA, CASE STUDY.  SCENARIO RESULTS AND 
DISCUSSION .....................................................................................................................73 
4.1 Business As Usual, BAU, Scenario ..................................................................79 
5 CONTRIBUTIONS.....................................................................................................106 
5.1 Discussion ........................................................................................................108 
5.2 Future Work ......................................................................................................119 
5.3 Discussion and Publications Summary .........................................................121 
REFERENCES .................................................................................................................124 
 
i 
 List of Tables 
Table 1. Planning paradigms compared characteristics. Conceptual approach for intervention...... 15 
Table 2. Planning paradigms compared characteristics. Methodological / Instrumental approaches.
................................................................................................................................................... 15 
Table 3. Predominant planning paradigm for the platform modeling sequences.............................. 24 
Table 4. Contributed approaches of the platform modeling sequences............................................ 26 
Table 5. Prospective approaches comparison. ................................................................................. 29 
Table 6. Platform modules’ structure ................................................................................................ 31 
Table 7. Submodules, modeling sequences and driving actors, correspondences.......................... 37 
Table 8. Modeling specification by submodule. ................................................................................ 38 
Table 9. Modeling steps for building demand formation sequence................................................... 39 
Table 10. Modeling steps for the city service network’s qualification sequence............................... 46 
Table 11. Spatial scale definition. LAD-T application for Medellín Metropolitan Area. ..................... 63 
Table 12. Source information general overview................................................................................ 69 
Table 13. Medellín Metropolitan Area municipalitiy populations. Estimated from “Quality of life 
surveys” (Envigado 2007- Others 2005). .................................................................................. 77 
Table 14. Medellín Metropolitan Area municipality land and population distribution (2005)............. 77 
Table 15. Indicators for Colombia’s urban agglomerations with 750,000 inhabitants or more in 2009.
................................................................................................................................................... 77 
Table 16. Latin American urban agglomerations with populations over one million inhabitants. ..... 77 
Table 17. Average travel times by region estimated for periods T1, T4, T7 and T13....................... 89 
Table 18. Nodal system indicators configuring the Observed Attractiveness Factors and the 
dominion sets. ........................................................................................................................... 90 
Table 19. Territorial Module (MT) referred scenario description..................................................... 100 
 
List of Schemes 
Scheme 1. Current planning scheme. Independent Master plans exercises by dimension. .............. 3 
Scheme 2. Planning corrective cycle for urban intervention. .............................................................. 4 
ii 
 Scheme 3. Social actors’ interaction schemes between current and proposed approach. ................ 5 
Scheme 4. Proposed planning scheme. Dynamic articulation of public intervention resulting patterns 
and externalities, through the planning horizon (time and space). ............................................. 6 
Scheme 5. Platform added value chain. ........................................................................................... 23 
Scheme 6. General structure of the model sequence....................................................................... 23 
Scheme 7. Supply side modeling steps configuration ...................................................................... 40 
Scheme 8. Urban structured systems abstraction as networked systems. ...................................... 45 
Scheme 9. Nodal system representation. ......................................................................................... 46 
Scheme 10. Temporal coordination between modeling sequences. ................................................ 62 
Scheme 11. Analysis unities by modeling step/sequence. ............................................................... 65 
Scheme 12. Model specification and information chain structure. Variables scheme. ..................... 66 
Scheme 13. Models specification and information chain structure. Sequence scheme (graphic).... 67 
Scheme 14. Platform modular components, LAD-T.......................................................................... 70 
Scheme 15. Information database flow diagram............................................................................... 71 
Scheme 16. Elements interacting by scenario. ................................................................................. 73 
Scheme 17. Reference Energy System for transport sector on Medellín Metropolitan area.......... 101 
Scheme 18. Dynamic articulation in time and space of different urban elements and dimensions.108 
Scheme 19. housing provision estimation approaches, by city (fix destination) vs. regional related 
(non fix destination). ................................................................................................................ 110 
Scheme 20. Employment indicators correlation with national GDP scenarios. .............................. 112 
Scheme 21. Representation of polygons vs. networks to measure coverage related indicators of the 
city. .......................................................................................................................................... 113 
Scheme 22. City elements as trips origin (trips generators) and destination (trips attractors). 
Transport patterns formation. .................................................................................................. 114 
Scheme 23. Modes correspondence to modeled transport networks, RM (Metro-Metrocable-
Metroplús) and RS (service network). ..................................................................................... 116 
Scheme 24. Analysis of geographic market characteristics supported by housing supply analysis.
................................................................................................................................................. 117 
Scheme 25. Built area equivalent representation of an urban polygon. ......................................... 118 
iii 
  
List of figures 
Figure 1. “Must be” vs. “What if” approaches.................................................................................... 29 
Figure 2. LAD-T welcome interface................................................................................................... 30 
Figure 3. Urban attraction/expulsion dynamic................................................................................... 33 
Figure 4. Density estimated indicator (households/ha) by polygon for baseline (2006) and modeling 
steps 4 (2010) and 13 (2018). ................................................................................................... 33 
Figure 5. Pivot analysis for distribution indicator estimation in Medellín Metropolitan Area. ............ 49 
Figure 6. Indicator system interfase. Platform LAD-T. ...................................................................... 75 
Figure 7. Medellín Metropolitan Area geographic localization. ......................................................... 75 
Figure 8. Medellín Metropolitan Area elevation views (google earth images). ................................. 76 
Figure 9. Projected minimum and maximum population trends for Medellín Metropolitan Area, 2005-
2020........................................................................................................................................... 77 
Figure 10. Medellín Metropolitan Area politic-administrative division and population indicators...... 77 
Figure 11. Housing density sequence for periods T0, T4, T7 and T13............................................. 79 
Figure 12. Predominant estrato by UTA indicator. Modeling periods T0, T4, T12............................ 80 
Figure 13. Estrato composition for selected UTA. Periods T0 vs. T12. ............................................ 81 
Figure 14. Predominant estrato and share participation, by neighborhood for modeling period T7. 81 
Figure 15. BAU scenario resulting series for housing inventory indicators for Medellín Metropolitan 
Area. .......................................................................................................................................... 82 
Figure 16. Built area indicator by UTA. Modeling periods T0, T7, T13. ............................................ 83 
Figure 17. Potential building area indicator by UTA. Modeling periods T7, T13............................... 83 
Figure 18. UTA subdivision classified by treatment type. ................................................................. 83 
Figure 19. BAU scenario resulting series for housing inventory indicators of 4 UTAS. .................... 84 
Figure 20. Mobility patterns by neighborhoods for 1 year dwelling period........................................ 84 
Figure 21. Transport network BAU scenario configuration. Projects entrances defined for T0, T4 and 
T13. ........................................................................................................................................... 85 
Figure 22. Public space BAU scenario configuration. Projects entrances for T0 and T4. ................ 85 
iv 
 Figure 23. Facilities BAU scenario configuration. T0. ....................................................................... 85 
Figure 24. Number of houses by UTA indicator. Right: baseline distribution. Left: resulting inventory 
indicator for periods T4, T7 and T13. ........................................................................................ 86 
Figure 25. Number of firms/agglomerations indicator by economy sector and size. Right: Baseline 
distribution of agglomeration; Left: Resulting located firms per UTA for periods T7 and T13 
(figure without baseline). ........................................................................................................... 86 
Figure 26. Distribution indicator by neighborhood for nodal systems. Top left: Public space, T0 vs. 
T8; Top  right Facilities, T0 vs. T9; bottom: Firms, T4 vs. T12.................................................. 87 
Figure 27. Connectivity indicator for agglomeration nodal system. Analyzed periods T0, T4, T7 and 
T13. ........................................................................................................................................... 87 
Figure 28. Accessibility indicator for periods T0, T7 and T13 and travel motive. From left to right 
work, study, health, shopping, others........................................................................................ 88 
Figure 29. Estimated indicators of housing density (background) and transport network saturation 
(over the network) for periods T4, T7 and T13.......................................................................... 89 
Figure 30. Observed attractiveness function values, for families (top) and firms (bottom), estimated 
for periods T4, T7 and T13........................................................................................................ 90 
Figure 31. Set of UTA that fulfills different indicator preferences for families of estrato 1 to 6......... 91 
Figure 32. Set of UTA that fulfills different indicator preferences for firms. ...................................... 91 
Figure 33. Baseline database for residential properties on the regional market............................... 91 
Figure 34. Minimum and maximum feasible property products for residential and 
commercial/industrial markets................................................................................................... 92 
Figure 35. Families by life cycle and neighborhood. Life cycles formation (C1), growth (C2), 
consolidation (C3) and dissolution (C4). ................................................................................... 93 
Figure 36. Families by type of employment and neighborhood. Type of employment good (P1), bad 
(P2), unemployed (P3). ............................................................................................................. 93 
Figure 37. Families by estrato and neighborhood. Type of employment good (P1), bad (P2), 
unemployed (P3). ...................................................................................................................... 93 
Figure 38. Initial distribution of families in the territory. Mixed indicators. Number of families by 
neighborhood (left), number of families and estrato distribution (top right), number of families 
and type of employment distribution (bottom right). .................................................................. 94 
Figure 39. Total demand vs. allocated buildings indicators. ............................................................. 95 
Figure 40. Demand by estrato vs. allocated buildings indicators, for periods T1, T4, T7 and T13... 95 
v 
 Figure 41. Demand by price range vs. allocated buildings indicators, for periods T1, T4, T7 and T13.
................................................................................................................................................... 95 
Figure 42. Number of residential buildings assigned vs. the estimated Observed Attractiveness 
Factor, for periods T4, T7 and T13 by neighborhood................................................................ 96 
Figure 43. Accessibility indicator for work trips vs. UTA with higher participation increase of new 
residential buildings. Periods T7 and T13. ................................................................................ 96 
Figure 44. nodes and circuits mapping. Left: electricity distribution system, right: drinking water 
distribution system..................................................................................................................... 98 
Figure 45. Shortage indicator for drinking water circuits (m3/s) for periods T4, T7 and T13............ 99 
Figure 46. Expansion costs by circuit for drinking water systems (million COP) for periods T4, T7 
and T13. .................................................................................................................................... 99 
Figure 47. Estimated expansion costs for the drinking water circuits (million COP), scenarios 
comparison. Periods T7 (top) and T13 (bottom). ...................................................................... 99 
Figure 48.Estimated indicators for Metroplús technological alternatives analysis. Left: total (20 
years) cost and PM10 emission indicators for the alternatives; Right: PM10 emissions on the 
zoomed sector derived from the transportation system with Metroplús GNV (Natural Gas). . 102 
Figure 49. Estimated MP10 emission maps for energy efficient industrial strategies, period 2014. 
Left: BAU scenario; Right: E4_BT, natural gas penetration in demand devices for low 
temperature demands. ............................................................................................................ 102 
Figure 50. Priority intervention zones in the region because high pollution levels. ........................ 102 
Figure 51. Estimated residential density indicators vs. the priority intervention zones defined by 
POMCA. Scenario comparison for T7..................................................................................... 104 
Figure 52. Estimated population indicators vs. the priority intervention zones defined by POMCA. 
Scenario comparison for T7. ................................................................................................... 104 
Figure 53. BAU scenario indicators for congestion over the transport network and industrial firm 
location vs. priority intervention zones defined by POMCA. Periods T4, T7 and T13. ........... 105 
Figure 54. Medellín municipality estimated map. Public space shortage indicator by polygon (orange 
for shortage, green for surplus). .............................................................................................. 113 
Figure 55. Price probability distribution by m2 and neighborhood, for houses estrato 2. ............... 117 
Figure 56. Planning horizon density indicator estimation. Platform vs. current methodology results.
................................................................................................................................................. 119 
 
vi 
 List of Acronyms 
AOE: Observed Attractiveness Factor for Firms 
AOR: Observed Attractiveness Factor for Residents 
BAU: Business As Usual 
BRT: Rapid Bus Transport 
COP: Colombian Pesos 
GDP: Gross Domestic Product 
LAD-T: Laboratorio de Análisis de Decisiones – Territorio (Decision Analysis Laboratory – Territory) 
MEE: Energy Economy Environment Module 
MIP: Mixed Integer Programming 
MSP: Utilities Expansion Analysis Module 
MT: Territorial Module 
NGO: Non Governmental Organization 
OAF: Observed Attractiveness Factor 
POT: Planes de Ordenamiento Territorial (Land Use Master Plan) 
RM: Metro-Metroplús-Metrocable Network 
RS: Service Network 
SAF: Speculative Attractiveness Factor 
SI: Information System for Indicator Analysis 
UTA: Unidad Territorial de Análisis (Unit of Territorial Analysis) 
VIS: Vivienda de Interés Social (Social Housing) 
 
 
vii 
  
1 CHALLENGES IN URBAN PLANNING 
Planning as an area of study and research is challenged today to become a strategic tool 
for human and environmental improvement (UN-Habitat, 2007, 2009). In most parts of the 
world, despite the constant changes in the definition and interpretation of the concept, 
planning remains concerned with physic-spatial design and normative enforcement. Ideal 
end-states and goals for all patterns of physical configuration define the main results of the 
planning exercise and their ideal attributes are supposed to fulfill potential economic, 
human and environmental needs. 
For urban planning, that vision has major problems when faced with the complex and 
multiple real dynamics of the cities as driven by the social actors’ interaction and 
transformation processes. Revealed problems appear in the form of spatial exclusion, 
urban sprawl, informal settlements, and land speculation, among others. These problems 
are the result of the failure of the “ideal layout” to integrate social actors’ dynamics, thereby 
reinforcing a tradition of corrective planning with critical externalities and implementation 
problems such as conflicts of interest, additional resource compromising, and 
obsolescence of planning initiatives. 
For Latin American cities, where planning policy has become more open to more action 
and implementation oriented tools in the last decade, there is still a master plans1 (UN-
Habitat, 2009) predominance for governmental action and policy design, accompanied by 
a heated discussion between the traditional practitioners and representatives of this 
physic-spatial guided planning and emerging multidisciplinary teams advocating 
complementary or alternative approaches guided by the goal definition people’s dynamics 
and settlements. 
For example, city indicators have been showing urban occupation scenarios occurring in a 
non-spatially articulated, undirected and unplanned manner on territories considered to be 
suboptimal due to prevailing conditions such as risk, scarcity or inaccessibility. The non-
learning process of how this spatial exclusion is linked to the current planning is a major 
problem that misleads planning strategies for public policy design. From formulation and 
public sanction to implementation, some of the most ambitious planned strategies aiming 
for infrastructure, environment and social enhancement (an example being transport 
integration) face years of implementation conflicts, delaying the expected modernization 
                                                
1 Many different names have been used to indicate ‘master plan’: general, strategic, directive plan, 
land use zoning, regulatory, and many more. All of them relate to physical planning “showing a 
detailed view of the built form of a city once it has attained its ideal end state” UN-Habitat (2009). 
Planning Sustainable Cities: Policy Directions, Earthscan, (Acceso: feb de 2010). 
http://www.unhabitat.org/grhs/2009. page 5.  
1 
 dynamics for the city and resulting in increasing congestion issues, environment problems 
and initial coverage shortages.  
Also, the dynamics of other aspects, such as the resulting probable land use pattern 
changes and other impacts of the transport network and its radial extended effect in time, 
which are completely disregarded in this current planning approach, define 
attraction/expulsion dynamics that can significantly change different occupation layouts 
and result in new spatial exclusion cycles and unpredicted conflicts of interest within the 
city.  
The understanding of those dynamics, regarding the evolution of the city derived from 
planning interventions, is a key task for urban planning and development in an 
urbanization context that offers increasingly complex challenges. The case study in this 
dissertation, Medellín Metropolitan Area (Colombia), offers an interesting example to 
describe and analyze the current planning characteristics, highlight some of the weakness 
and/or strengths, and open discussion about the conceptual, methodological and 
instrumental lines of this research contribution. (Área Metropolitana del Valle de Aburrá, 
2002, 2007a, c; Rave, Jaramillo et al., 2009d). 
1.1 Planning: Current Scope 
Different methodologies and disciplinary teams have approached the urban planning 
problem from a physic-spatial point of view. The urban planning, according to modernist 
guidelines2 during the 20th century, is mostly concerned with the production of master 
plans and the design of human settlements under the conception that all the economic, 
social and political issues will be positively unchained by the plan (UN-Habitat, 2009). The 
plan does not intervene directly in these dimensions meaning that, for example, the 
planning strategies are lacking economic policies and it is supposed that the infrastructure 
or land use policy defined by the plan will somehow stimulate the economic dynamics of 
the region and thereby fulfill the expected/projected indicators. Most of the plans neither 
included strategies to achieve the desired infrastructure or the general physic-spatial 
layouts. The plans are final, ideal states to achieve and their success is defined by their 
sanction as policy.  
The interdisciplinary groups supporting this initiative, have been approaching the problem 
from a mechanistic way, the territory is the main goal and the “best” distribution of services 
and attributes are the objective of the planning. The best performance will then satisfy the 
needs of the people and the production needs of the city. The planning horizon will 
consider present needs and past/current revealed behavior of city processes. 
                                                
2 Modernist Guidelines consider the city as a functional ordered and highly controlled system. The 
common development was focused through legal tools for normative implementation, (UN-Habitat, 
2009 Chapter 3). 
2 
 Whether or not there is a multidisciplinary collaboration, the different approaches focused 
on the physic-spatial as the goal will fail to represent the city dynamics. Methodologies 
used for master plans, from land use policy (urbanists, economists) to sewage 
infrastructure design (engineers), and even some modeling approaches, seek to define the 
“best” spatial layout based on ideal settlement goals or coverage/cost-benefit criteria, 
depending on the case. These approaches necessitate border conditions to establish the 
baseline, setting spatial and temporal dominions and the analysis dimension restrictions. 
Different plans for cities offer end-state layouts for different aspects and their integration 
hardly includes border condition sharing (population distribution, inhabitants, 
macroeconomic indicators, etc.). Each new plan is supposed to include elements from 
other previous plans, meaning that either shares the border condition (baselines, limits) or 
includes as an input the final end-state proposed by the other plans. See Scheme 1. 
Environmental zonification
Land use policy guidelines
Land use policy
Mobility network
Household policies and real 
state markets
Public space
  
Scheme 1. Current planning scheme. 
Independent Master plans exercises by 
dimension.  
 
Scheme 1 presents different plan exercises for 
Medellín municipality (public space, social housing, 
mobility, land use policy, environmental zoning and 
densification limits) developed up until 2008. All of 
them consider planning horizons of 10 to 15 years 
and offer a zoning (variable scale) of needed or 
planned infrastructure expansion (public space, 
mobility, etc) or limits (land use policy, environmental 
zoning). All these plans share the initial population 
distribution baseline and the aggregated 
macroeconomic and demographic projections or 
limits. They have already been adopted as public 
policy and all the control instruments for densification 
are based on the plans.  
 
The spatial and temporal dominions of planning define the analysis scale but, most of time, 
ignore the impact on the entire system (for example, the rest of the city, as in partial plans 
or urbanism for a neighborhood) or even the spatial overlapping of different plans within a 
region. 
As an underlying concept, it is supposed that the planner, understood as the regulator, is 
the main actor that drives the city’s evolution. “He” has all the information and his 
proposed agenda is altruistic enough to unchain all the other actors’ desired behavior. The 
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 planning results are binding and the planning will be successful once the master plan and 
its strategies are adopted as public policy by other regulators and/or management actors. 
The general planning results are normative and/or restrictive in nature (protected areas, 
emission limits, etc.) (Carmona, 2009; Rave, Jaramillo et al., 2009d). 
Planning methodologies, as described, are regulator driven, aggregated and disarticulated, 
physic-spatially focused, and parametrically static over time (projected trends). The 
conflicts resulting from interventions are usually the object of derived planning corrective 
phases or new projects.  There is little knowledge to relate the causes of failure to previous 
interventions as external impacts on social actors, and therefore little capacity to 
characterize the urban evolution cycles and responses. Therefore, a corrective cycle of 
planning will be set, defined by the implementation problems and delays, a reinforced 
chain of externalities, additional resource compromising, and obsolescence of planning 
initiatives. See Scheme 2.  
Planning exercise1
Planning exercise2
Intervention cycle
Evaluation cycle
Correction cycle
Implementation and externality
analysis
+ cost
+ time
Implementation 
problems
externalities
To ReduceProspective, integrated analysis as a part of the planning exercise
 
Scheme 2. Planning corrective cycle for urban intervention. 
 
1.2 Planning: New Trends 
What is needed to perform a better analysis for urban planning? Cities represent one of 
the most complex systems in which it is possible to identify several social, environmental 
and physical dynamics overlapping in time and space with uncertain and emergent results. 
Social actors represent one of the main variables that have to be considered in order to 
move forward in the understanding of the previous question. People, industrial firms, 
NGOs, the government, and social actors in general (organized or not), shape the city as a 
result of the nature of their interactions in geographical and political contexts—intralocal, 
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 regional, national, and global—(Carmona, 2009). Social agents have different agendas 
and particular attributes that define their perceptions of and positions on public intervention 
(normative plans) and therefore their attachment or opposition to the regulation thereof. 
Normative dispositions of public policy will be perceived as signals that unchain a social 
actor’s reaction, not necessarily as expected by the planners.  
End-state planning cannot foresee the spatial schedule of city changes, and therefore 
cannot foresee the social actors’ related conflicts over territory. The city evolution is a 
result of continuous and complex dynamics between territory and social actors, where the 
resulting state of the territory, is evidence of the social transactions over time. From real 
estate market speculation to land use conflicts and slum growth, the social actors’ 
agendas shape the dynamics that define the nature, intensity and characteristics of the 
resulting processes. Therefore, social actors are as important as the regulator in 
understanding the city’s behavior and evolution, thus their consideration is required in 
order to transform the planning exercise from a corrective to a prospective one. 
The first challenge can be outlined as follows. The planning exercise has to change from a 
regulator driven exercise to a multiple social actor focused one. It is not only related to 
negotiation of goals among actors (as in participatory planning), but with the simulation of 
different actors’ particular agendas, which overlap in time and space. Major complexities 
and uncertainties arise for all dimensions and dynamics, but a better approximation to the 
inherent complexity of the urban system evolution can be achieved. 
city
Private intervention
Public interventionPolicy 
framework
Citizen intervention
 
 Current approach: Regulator driven exercise.  
The social actors’ behavior is subordinated by 
public intervention  
city
Private intervention
Public interventionPolicy 
framework
Citizen intervention
 
 
Proposed approach: Regulator + social agents, 
dynamic cycle. City is a result of interaction 
between social actors 
Scheme 3. Social actors’ interaction schemes between current and proposed approach. 
 
The social actors’ agendas are different than the regulator’s. Perceptions of the public 
intervention and city supply are mediated by their sociocultural, economic and political 
attributes, and especially by their transaction goals, thereby shaping the demands and 
preferences for city services in different zones or neighborhoods. This particular example 
can define important impacts on social actors’ location preferences (preferred 
neighborhoods) and therefore on the distribution of city occupation, significantly changing 
the demand patterns of all services from mobility to housing and infrastructure expansion 
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 needs. City occupation patterns can be seen as the result of a dynamic cycle between 
actor’s behavior and perceptions of the city’s opportunities and shortages, and therefore 
represent a dynamic outcome of the policy intervention cycle over time. See Scheme 4. 
In this approach, city occupation can be seen as the final transaction or result in a given 
time defined by the social actors’ responses to city supply, driven by signals defined by the 
regulator in its planning and policy formulation. 
The current planning exercise described earlier will cut in one period (the baseline) to set 
the occupation pattern that will drive the city services demands for public policy and 
intervention definition. For the following periods, the demands will no longer consult the 
resulting occupation patterns and perceptions of social actors regarding the implemented 
interventions. Therefore, the different planned elements will no longer be related to the real 
resulting occupation pattern and driven demands, but rather to the baseline and its social 
agent’s perceptions and behavior. All transaction dynamics are disregarded in a 
framework that privileges the parameterization of a trend scenario to make the decision 
making exercise possible. 
Facilities - Public space
Land use policy guidelines
Environmental zonification
Land use policy
Mobility network
Houshold policy and real 
state market
Utilities distribution system
Economical framework
Sociocultural variables
POT Zonification
  
Scheme 4. Proposed planning scheme. Dynamic articulation of public intervention resulting 
patterns and externalities, through the planning horizon (time and space). 
 
Externality analysis in this context, understood as the verifiable results generated by the 
social actors’ responses to planned interventions, has to be a major concern of planning 
(ExternE project, 2005; NEEDS Project, 2006; Parliaments, 2005; Unalmed, 2009; UN-
Habitat, 2007). External effects of an intervention are not presented in a context of good or 
bad qualification related to a desired goal or any valuation standard. They are presented 
as the resulting effects of the planning exercise evolving in time and space and not 
previously related to the intervention.  
The uncertainty and complexity of performing such an analysis is huge. The 
attraction/expulsion dynamics over the social actors, related with externalities like noise, 
pollution, congestion, and real estate market speculation can significantly change the 
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 occupation layouts over time, reinforcing important differences in the evolution of the 
urbanization process.  
The understanding of those dynamics regarding the particular attributes of social actors 
and territory feedback is a key task for urban planning. Complexity leads to a learning path 
that allows one to re-define and re-understand the probable evolution of the city over an 
intervention as a strategy to intervene in poverty and spatial exclusion cycles, especially in 
an urbanization context that offers increasingly complex challenges. 
1.3 Research Aims 
The study of the underlying dynamics of urban occupation patterns is proposed in this 
dissertation as the strategic link to assess the demand cycles for planning. 
Planning is demand driven. For urban systems, demand itself has to be considered as a 
dynamic variable in time and space, defined by the interactions between social actors and 
the territory and therefore a variable instead of an input in planning analysis.  
This vision offers great potential for urban planning by allowing for the combination of 
socioeconomic strategies with the territorial model as a powerful driver for prospective 
analysis. 
To illustrate the proposed urban demand cycle, the city’s final services such as energy 
final use (provided by the utilities supply and distribution networks), and also all other 
urban services such as transportation, recreation, health, education, social care, housing, 
etc. (provided by the public space, facilities and road networks among many others), 
represent the city’s consumption patterns. On a local scale these are a function of the 
population attributes and distribution. 
Final services are provided through urban networks that shape the urban physic-spatial 
configuration as well as the transaction environment. Planning interventions (infrastructure 
and/or public policy) affect those networks and therefore, the social actors perceptions and 
tolerances to the city opportunities and shortages, and their decisions over transactions, 
location and final service demands (Unalmed, 2009).  
The building of knowledge around this strong feedback between planning intervention and 
social actors’ responses will contribute to the implementation of more systemic and 
prospective approaches, to the city occupation model, and to a strategic and sustainable 
final services arrangement in which different welfare goals of the population can be 
achieved.  
This dissertation seeks to build an analysis framework for urban planning, based on the 
analysis of city occupation patterns as driver and driven dynamics of the city behavior and 
therefore, as a strategy for review and reformulation of policy intervention cycles over time.  
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 For an urban system, this question, with its level of complexity, demands an integrated and 
yet multidimensional and spatially disaggregated approach that allows representation of a 
systemic structure for multidimensional interactions and feedback that would preserve the 
particular processes and elements of each different dimension.  
A multi-methodology modeling platform for urban prospective scenario analysis has been 
designed and implemented for Medellín Metropolitan Area (Colombia) (Unalmed, 2009). 
This modeling approach deals with multiple actors, dimensions, agendas, and conflicts of 
interest while also including large amounts of data and information with significant 
uncertain and unquantifiable factors (Kotiadis & Mingers, 2006; Rave, Jaramillo et al., 
2009d; Rosenhead, 2006; Van Beeck, 1999; White, 2006). It allows for the link 
configuration between different methodologies and underlying analytic methods as a 
strategy to utilize different required goals and dimension analysis without losing a 
transversal and global objective. For urban systems, characterized by different processes 
derived from actors’ transactions in various spatial and temporal domains, this approach 
allows the use of different descriptive and normative methodologies to address both the 
analysis of actors’ behavior and the evaluation of the city’s final service networks. The 
approach does so by using the most suitable models and methodologies for each process 
and establishing a transversal structure analysis, which is defined by a modeling sequence 
and an information chain. 
The main platform question—how does city occupation distribution change over time?— 
has been addressed by the exploration of the dynamics of residential and industrial 
mobility within the cities, linked to the policy and infrastructure intervention and its impact 
on the evolution of social actors’ perceptions of the city. Scenarios for the evolution of 
distribution patterns of households and industrial firms configure the main results and offer 
important information to assess the impacts of such policies and planning initiatives in an 
articulated and yet spatially disaggregated way, thereby allowing for a detailed 
externalities analysis that consults the revealed dynamic instead of the expected one 
(Rave, Jaramillo et al., 2009c). 
This modeling development responds to a novel methodological and conceptual approach 
of assessing prospective urban planning where the results are not intended to predict but 
to learn about city dynamics, responses to intervention, and the probable resulting paths 
for urbanization and densification processes. Complexity and inherent uncertainty are 
elements so significant to this approach that the resulting learning process is one of the 
key contributions of this research framework. (IIASA, 2009). 
The tool is conceptually designed to offer a learning platform for technical and political 
discussion and analysis, where the discussion exercise are not to be inserted in the serial 
planning formulation and definition phases, but rather in the conceptual continuous 
reformulation and re-understanding of local integrated planning problems. The platform is 
instrumentally and methodological embedded in an added value chain of information 
where there is a continuous learning process based on feedback between the platform 
construction and the planning exercise. 
8 
 Value is added to the information in each step of the process, creating a cycle of learning 
between the conceptualization of the model and the resulting information all along the 
modeling and analysis exercise. Information from indicators vs. the available data and 
revealed results (trends, indicators), for all scenarios including the baseline (source 
information as well as results information), will contribute to the interactive enhancement of 
the platform framework of modeling and analysis and in the learning process of city 
evolution approximation. 
This added value chain is very important for the planning institutions’ appropriation of the 
platform, the research developments, and the planning exercise in general. It means that 
modeling tools are not a simple step on the planning methodologies but are actually an 
integrated part of the knowledge generation process for the city; it means that the city is a 
changing system. The results of the platform will contribute to the planning processes by 
their direct contribution to prospective analysis of probable trajectories, and also by the 
learning process about the social actors’ perception changes, which demands continuous 
verification, calibration and comparison of results.  
Conceptual, methodological and instrumental contributions for urban planning were 
addressed in this dissertation, all of them generated by the integrated perspective required 
to enhance the knowledge of the city. The integration of the dynamics between final city 
services demands and city occupation patterns offers an important element to link the 
different and multiple dimensions, processes and actors of the complex urban system to 
the planning exercise and therefore, offers a powerful tool for integrated analysis and 
externalities assessment for decision making. The methodological contributions are 
mediated by the analysis of leading paradigms for planning and modeling areas. Its 
commonalities and differences, weaknesses and strengths, and its correspondence with 
different urban processes defines a baseline from which it is possible to propose a multi-
methodological, multi-paradigm modeling framework, capable of assessing the different 
nature of the multiple urban dimensions and pertinent to the complexity of the integrated 
analysis of the impact of public intervention. Instrumental contributions are defined by the 
insertion of the platform development and future use as an integral part of the planning 
exercise, driven by the addition of value to information through learning and discussion, as 
well as by the treatment of information as a strategic asset for planning. The use of 
modeling tools in planning, as a strategy for knowledge building and learning about the 
city, represents a novel strategy to bridge the gap between academics and practitioners 
and strengthen the information network’s enhancement of planning. 
The application implemented for Medellín Metropolitan area has offered a laboratory in 
which one can observe, analyze and validate the planning actors’ dynamics and 
interactions, and the paradigms that have been leading the planning exercise and 
therefore have contributed to and motivated the proposals and developments of the 
dissertation. The scenario analysis for the region based on the proposed research 
approach, has made many contributions to local planning, city dynamics, and trend 
analysis and has also indicated many open lines for research on urban planning, 
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 particularly for those related to the research areas involved with the dissertation 
enhancement and future developments. 
All of these elements are explored in this dissertation. In Chapter 2, a critical and 
comparative analysis of modeling and planning paradigms, in theory and real practice, is 
approached as a conceptual foundation to support the modeling strategy building and the 
aim of research contribution. 
Chapter 3 presents a developed model based on the conceptual, methodological and 
instrumental approaches, following a descriptive thread of the modeled processes and 
decision-making sequences. Chapter 4 presents several results and indicators derived 
from the application in order to illustrate the potential of the developed modeling 
framework and to support the results’ pertinence to various regional planning exercises. 
Throughout the document, the main elements of contribution are presented, stressing the 
importance of the research’s elements to support decision making for sustainable 
urbanization. Chapter 5 summarizes selected elements and describes novel modeling 
strategies designed to support decision making in the case study, Medellín Metropolitan 
Area (Colombia). 
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2 CONCEPTUALIZATION: THE PLANNING PARADIGM ANALYSIS 
2.1 Planning vs. Modeling Paradigms 
The conceptual, methodological and instrumental approaches to building this modeling 
multi-methodology platform for innovation in urban planning are closely related to a 
paradigm strategy. Paradigms, understood as the “world view” and how to deal with its 
problems (methodological and scientific approaches), have been defining the general 
development around the urban problem, its action framework, the analytic approach, and 
also the current problems and challenges of the area. Analysts’ scientific and technical 
backgrounds shape their assumptions and problem approximation tools, both in a 
conceptual and methodological way. As a result, planning exercises are focused on the 
elements understood to be the “problematic aspects,” based on familiar approaches. 
This correspondence between methodologies and the conception of real world problems is 
an important element to discuss since it responds to the underlying paradigms. Therefore, 
the bond between the conception of a problem’s growing complexity and the growing 
sophistication of methodological approaches, demands a process of paradigm discussion. 
Whether by criticism, opposition, integration, or even a new paradigm definition, the 
analysts will face a painful process due to inherent cognitive and cultural difficulties. 
Paradigm rationalization is key to the understanding of current approaches, working 
groups (planning agents), and the current “real world” conception, related in this case to 
the urban system and consequently, with the philosophical and analytical definition of 
proposed approaches, pertinent methodologies, and strategy appropriation. 
It is difficult to conceptualize the real problems separately from the methodologies since 
they are closely related in the planning field. For this discussion, the urban planning 
paradigms refer to the planning agents’ conceptualization of the urban problem and the 
action framework of public policy design. The modeling paradigms refer to the 
characteristics and assumptions of analytical and methodological approaches. For the 
latter, there are several authors that have been working on the paradigm description 
(hard/soft, bottom-up/top-down, normative/descriptive) and methodology classification, 
offering a rich literature but still a young discussion (ETSAP, 2010; IIASA, 2009; Kotiadis & 
Mingers, 2006; Mass, 1974; Rosenhead, 1996, 2006; Schroeder, Sweeney et al., 1975; 
Van Beeck, 1999; White, 2006). 
For urban planning, one of this dissertation’s developments is the detailed analysis and 
observation in the case study Medellín Metropolitan Area (Colombia), of planning agents, 
institutions, their planning methodologies, and their current conception of the urban 
problem as an interesting exercise for the particular rationalization of the planning 
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 paradigms for the city. Different reflections and strategies, from different planning actors’ 
paradigm confrontation and acknowledgement, have been studied and implemented as a 
learning and discussion approach (Carmona, 2009; Rave, Jaramillo et al., 2009d).  
One desired goal is to identify and propose the paradigms for urban planning intervention 
as an illustration of current and required vision considerations. This will establish a link to a 
scientific conceptualization of modeling paradigms, thereby allowing a clear identification 
of the correspondences, vision contributions, and weaknesses/strengths of combined 
modeling approaches for planning as has been developed in this research.  
2.1.1 Urban Planning Paradigms: City Object Vs. City Subject 
The planner’s vision of how to intervene with and impact the system in order to trigger 
different intervention strategies, defines the city’s evolution and the externality cycles. 
Intensive work with different planning actors and institutions3 through workshops and 
discussion activities, as well as continuous technical accompaniment, offered different 
elements to identify their paradigms on planning approaches—use, sense and underlying 
mental models (Carmona, 2009; Rave, Jaramillo et al., 2009b). Two paradigms were built: 
city object and city subject. 
The city object paradigm views the city as an approachable object of analysis for which a 
spatial representation of all its elements determined by attributes can be defined. The 
planning exercise can intervene in any of these elements within the spatial domain by 
altering them to fit a framework where the best plan is composed by the better distribution 
of all those elements. This paradigm is regulator driven. 
The city subject paradigm views the complete city as an unapproachable object of 
analysis. It considers all city processes to be driven by social actors’ dynamics. The spatial 
dimension is only an attribute of where the dynamics takes place. Scales are disregarded. 
The intervention must be defined in the social or economic context and the city´s spatial 
layout is only considered a result. It is social actor driven.  
Social actors, who drive decision-making, can range from citizens to organized economic 
or political groups and/or the regulator. Even so, each of those aforementioned actors 
represent a group of actors with different characteristics and socio political, ethnical and 
geographical capital reproduction that define the city’s environment and society’s power 
levels (Camagni, 2001; Carmona, 2009; Knox & Pinch, 2006).  
                                                
3 Participating agents in the research project discussions included technical and directive staff from 
Área Metropolitana del Valle de Aburrá (planning regional agency), Empresas Públicas de Medellín 
(utilities company), Medellín local government, other municipalities’ local governments, 
practitioners, and academics (Convenio 297 de 2006 Universidad Nacional de Colombia, Medellín; 
Área Metropolitana del Valle de Aburrá). 
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 The regulator, for instance, represents a set of different governmental powers with political 
and economic relationships driven by its jurisdictions and hierarchies for public policy 
definition or implementation. Local, regional and national regulators continuously interact 
in hierarchical arrangements that change as a function of the analyzed aspect of public 
policy. Organized groups, such as economic and political actors, base their actions on the 
relationships with this tree of regulators and can impact the local decisions by their 
influence on the markets or in the networks of political actions and conflicts. 
The current approach to urban planning, as analyzed for the case study, responds to the 
city object paradigm where, as mentioned in Chapter 1, the urban planning is conceived as 
a physic-spatially guided problem, where the best distribution can be achieved through the 
regulator action definition. Uncertainty and conflicts in this framework have been 
approached only by those derived by the multiplicity of regulators. Therefore, the 
strategies behind policy enacting, the ultimate goal of this approach, can be facilitated. 
Social actors as a reference for actors other than the regulator, organized or not 
(industrial, economic, political, environmental groups; citizens, families, firms), are 
considered passive actors, subject to the policy disposition and positively correspondent to 
the physic-spatial strategies in the medium and long term. There is an acknowledgement 
of possible instantaneous conflicts derived from the construction phase for infrastructure 
intervention or the adjustment phase for policy enactment, but the expected global results 
in the long-term are predefined as parameters of the decision-making exercise and 
according to the normative approach with a low inclusion of future uncertainties. 
City subject can also be identified in some approaches, most of them related to 
demography, statistical or economic analysis, where the aggregated behavior of the social 
actors, conflicts and interactions—completely disarticulated from the physic-spatial 
scenario—are undertaken. Some of those approaches are intended to explain conflict 
and/or poverty dynamics and are primarily led by non-governmental actors. 
The city is a social-territorial reality in which the social actors’ interaction is constrained by 
the geographic context and dynamically redefines the urban spatial context. Thus, the 
proposed approach is mediated by the multi-paradigm insertion in the planning exercise so 
as to reconcile this regulator driven territorial intervention with the social actors’ responses, 
thereby summing up the city object + city subject vision.  
Some interesting highlights of the case study used to guide the paradigm discussion are 
defined by the specific context of the region. Medellín Metropolitan Area (see Chapter 4) is 
a conurbation of ten municipalities with approximately 3.3 million inhabitants. This 
conurbation represents one of the most interesting urban development phenomena in 
Colombia because of its uniquely challenging geography, its resources and culture, and 
the political and economic framework of action for facing urban issues. In Colombia, 
municipalities have political and regulatory autonomy for urban public policy design, 
formulation, and implementation; therefore the region is a physic-spatial conurbation 
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 consisting of ten distinct local governments but considered a single entity by the citizens. 
Several of these ten municipalities represent big economic players within the country—
Medellín is the second largest city in Colombia, and Bello is the principal dry port—the 
governance/government characteristics are major issues to take into account in terms of 
the planning of sustainable urbanization and its multiple challenges (Alzate, Rave et al., 
2007; Área Metropolitana del Valle de Aburrá, 2002, 2007a, c; Rave, Builes et al., 2007a; 
Rave, 2005; Rave, Alzate et al., 2007; Rave, Builes et al., 2006). 
Also, Colombia has different levels of planning, control and investment institutions and 
hierarchical different arrangements of them depending on the issue. In the urban context, 
aside from the local government, there is a departmental government (departments are the 
Colombian equivalent to provinces or states in other countries), environmental authorities, 
decentralized institutions, etc., all of which overlap on different aspects of planning with 
different jurisdictions and the same spatial dominions.  
The active planning exercises and policies include ten POTs, (plans for land use policy 
derived from the Spanish words: Planes de Ordenamiento Territorial) with corresponding 
housing, public space, environment, land use, and facility master plans, among others, 
and ten development plans or guides to budget allocation. Also, indicative systemic plans 
led by metropolitan authorities in charge of planning coordination and metropolitan 
guideline proposition and action (on housing, public space, etc), metropolitan infrastructure 
project definition, and budget allocation for regional environmental planning, etc. There are 
also other institutions interacting with the planning activities and all of them feed this city 
object paradigm since they are all seeking the best way to define the best occupation and 
development model for the region, giving preference to their own jurisdictional vision 
(environment, land use, infrastructure). Besides, plans have different validity lives 
according to governmental periods, so temporal overlapping and its implication on political 
relationships offers an additional controversial issue.  
Other cities of the developing world will have different arrangements of the regulators’ 
jurisdiction and actions and different political relationship structures, but they replicate the 
city object paradigm on different levels because the intervention follows the physic-spatial 
object, regulator driven structure (UN-Habitat, 2009).  
Colombia has, perhaps, the most advanced toolbox of implementation and economic 
oriented instruments supporting the land use planning legislation among Latin American 
countries (Salazar, Pinto et al., 2009), but their actual use is only in the first stages of 
evaluation and implementation since many conflicts have arisen due to the planner’s 
resistance to paradigm change and their lack of applicable backgrounds.  
Based on the case study, recent planning intervention, and active local master plans (last 
ten years), some of the main elements that characterized the described paradigms are 
shown in the tables below. Conceptually (see Table 1), two major characteristics are 
approached Driving decision makers and complexity or uncertainty acceptance. 
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 Methodologically (see Table 2), the main discussion points are related to modeling 
insertion and information issues analysis. 
Table 1. Planning paradigms compared characteristics. Conceptual approach for 
intervention. 
City object City object + City subject 
Planning is translated in land use policy (broad 
interpretation for spatial regulation and 
intervention). Triggers political reactions that 
lead to decision making. 
Land use policy sends signals to different 
stakeholders in the territory, thereby setting 
initial points for their decision making 
processes. 
Interest groups are the political-administrative 
groups from local authorities. Their consult 
guarantees success as normative 
implementation. 
The interest groups include social actors. 
The policy defines signals for their response 
and decision making formulation. 
All different dimensions and aspects of 
planning are linked to the territory; hence the 
physic-spatial plans (master plans) are 
sufficient and necessary tools.  
The physic-spatial guidelines are one of 
many facets of planning.   
Articulation among different dimensions 
must be translated into multiple action 
trajectories for citizens and environment 
welfare enhancement. 
Planning has spatially differentiated dominions 
such as municipalities or subregions. 
Interventions impact the entire regional 
pattern by complex interaction and feedback 
(temporal and spatial overlapping) triggered 
by social actors’ perceptions. 
Different normative exercises have different 
temporal life. Any active plan is considered a 
finished planning tool. 
A flexible cycle is envisioned in order to 
respond to policy derived effects. Planning is 
a progressive exercise. 
Tools are diagnostic in nature: the current 
situation and the desired/expected future are 
established (spatial distribution). Trajectories 
are not addressed. 
Tools are prospective. The future is a result 
of proposed trajectories on different 
dimensions. Continuous evaluation and 
revision is considered a public policy.  
 
Table 2. Planning paradigms compared characteristics. Methodological / Instrumental 
approaches. 
City object City object + City subject 
Methodological 
The modeling approaches are seen as tools 
that give information to a decision making 
process. The results are parameters included 
in required work lines. 
The modeling process is an integral part of 
the planning and decision making 
processes. It supports a continuous and 
dynamic analysis approach. 
There are prior defined goals for which the 
information management and the modeling 
tools were adapted or based. 
Modeling is an interactive process with 
information analysis and therefore a 
progressive methodological approach that 
supports initiatives formulation and 
definition. 
The information is gathered and analyzed There is an innovation cycle defined by an 
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 City object City object + City subject 
according to the specific requirements. interactive reinforcing chain of information 
analysis and added value. 
Instrumental 
Information is managed through diagnostic 
indicators and trends analysis. The baseline 
condition is established and compared with 
historical indicators. 
Information is a strategic asset. Underlying 
dynamics analysis is basic for prospective 
planning. 
Information systems (geographical and 
relational) are designed for consult. Source 
and resulting information has to be adapted to 
institutional data models. 
Data model design needs flexibility for 
continuous redefinition and differentiation. 
The planning institution goals are aiming to 
produce one globalizing system for consult. 
Complementary, decentralized tools for 
information analysis are required to give 
access and workability. 
 
2.1.2 Modeling Paradigms. 
Modeling paradigms have been studied by several authors and there is an interesting 
literature offered on both proposals for methodology classification and explicit paradigm 
differentiation (Kotiadis & Mingers, 2006; Van Beeck, 1999). The most common proposals 
are hard/soft, normative/descriptive and bottom-up/top-down paradigms or approaches. 
There is no consensus on the paradigm or approach classification category for these, 
since the analysis framework at times transcends the purely methodological visions of 
approaches.  
Uncertainty management and driving decision makers can be highlighted as the main 
characteristics that define the paradigm’s potential. Hard-normative and soft-descriptive 
share characteristics of these two main aspects. Bottom-up/top-down is more related to 
the main objects of analysis, the sequence direction of their decision-making approaches 
and the information requirements. The normative/descriptive definition best suits the 
desired analysis for comparison purposes in the planning exercise (Section 2.1). 
For the normative paradigm, uncertainty and complexity have little significance in the 
approximation. Therefore, the object of analysis is approachable, there is enough 
information, and both a main actor’s voice (actor/agent) and a solution can be achieved. 
For the descriptive paradigm, uncertainty and complexity hold a major significance. 
Therefore, elements such as multiple voices (actors/agents) and information scarcity can 
be included. A representation of the system, not a solution, can be achieved. 
In the normative paradigm, a single decision maker that can fully intervene in the system 
and satisfy an objective or objectives has to be able to perform required trade-offs, and 
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 therefore have access to all the information chains. Thus, actors that drive different 
processes tend to be simplified as objects and their information parameterized in order to 
manage passive actors with depoliticized agendas that can lead to consensus. 
Methodologies are mostly intensive data demanding and bottom-up type. 
On the other hand for the descriptive paradigm, the explicit acceptance of uncertainty will 
allow the seeking of satisfactory solutions without forcing trade-offs of both information and 
actors. Actors will be enabled as active decision makers, with political agendas actively 
trading in the analysis, offering a descriptive resulting transaction. Uncertainty will define a 
path of continuous analysis instead of a definitive solution. Methodologies are mostly 
aggregated and simulation/top-down types. 
The urban system approach needs to integrate the spatial dimension with the social 
actors’ dynamic interaction, not as a passive player but an active one that continuously 
redefines the reality for social actors. The city object + city subject proposed multi-
paradigm illustrates the need to consider the physic-spatial object as a playing field for 
regulators, and also the other multiple dimensions of interactions as a transaction field for 
social actors’.  
The normative paradigm where the bottom-up approaches are most commonly used, and 
where the regulator driven dynamics are predominant, has been the base for the 
development and implementation of city object approaches. Bottom-up approaches, 
related to the representation of “technological based activities,” are the approaches 
powerful enough to describe the spatial or territorial display in a spatially disaggregated 
way while maintaining process articulation. The descriptive paradigm, more simulation and 
top-down based, cannot effectively represent spatial disaggregation but can represent 
globalizing dynamics, preference changes, and the evolution of consumption patterns over 
time. 
Correspondingly, a normative + descriptive multi-paradigm will be required to gather the 
range of analytical and modeling approaches required to represent both spatial resulting 
layouts and temporal dynamics of actors’ transactions, thereby summing up the bottom-up 
+ top-down approaches. As a discussion point, it is important to state that a globalizing 
descriptive approach where the regulator acts as an additional actor will not fulfill the 
required vision for planning because the regulator has, in fact, a policy roll and a need to 
include their normative actions within the dynamics and to prospectively review the other 
social actors’ responses.  
2.1.3 Information Vision 
Information is placed in the middle of the planning controversy. The information nature, 
use and sense for planning, varies for all different actors and stakeholders, including the 
academy.  Availability and access to information is a major discussion guided by the 
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 quality and value appreciation, the scale, temporality, pertinence, and many other 
characteristics that are continuously in dispute among the actors giving a neutral-value to 
information and those with strategic needs that value information for its usability. This 
represents one of the most interesting concerns as the information-value is a cross-
paradigm issue and different actors will analyze the information from its technical 
background and/or the potential to use it in different modeling or planning approaches 
(Carmona, 2009; Kotiadis & Mingers, 2006; Rave, Botero et al., 2009b).  
Collection, systematization, and data model proposals are defined according to actors’ 
roles and responsibilities as well as the geographical dominion, spatial scale, and 
temporality of their jurisdictions. Third parties, usually information specialized academics 
or management actors, with neutral-value underlying information paradigm, have been 
proposing homogenization processes and general data models that, despite the intention 
of systematization and usability enhancement, have increased conflicts due to the 
information sources’ significant differences, derived from the particular analysis needs and 
their corresponding attributes. 
The discussion is mostly focused on different aspects of primary information and data 
collection. Derived information (secondary and tertiary) from modeling processes, 
estimations or planning goals escapes the possibility of homogenization, since the 
information and data are clearly of non-neutral value. 
The information value is, for the regulator, measured by the production and management 
costs, which differs to the private stakeholders for whom the information is valued by its 
strategic service measured by possession and control advantages. 
The city object/normative approach paradigms have been shaping the information 
discussion to regulators’ data management issues, where the discussion cycle is defined 
by the continuous need of baseline information gathering (defined by the non-dynamic 
planning approaches) and the discussion around the possibility of different baseline data 
comparison, completion and systematization. 
Current joint projects between levels of regulators are intended to build a unique, 
globalizing and binding information system. Thus, control and responsibilities as political 
and administrative force balances have been representing the most important discussion 
instead of other information related issues such as source information gathering strategy 
(quality control, temporality, analysis and strategic purposes), management, uncertainty 
issues, and source support for reliability and robustness. 
The proposed vision for information analysis is embedded in an information added value 
chain. Information systems need to be versatile, flexible, and accessible to analysts for 
processing. Stakeholders, analysts and decision makers need management autonomy to 
perform different analyses of planning that are non-neutral valued but guided by strategic 
planning goals in a scaling cycle of urban problem complexity. This vision does not 
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 necessarily play against the current information efforts; it can be guided by satellite 
databases for information added value analysis and desktop work. Validation and 
calibration of resulting information will need a discussion platform strategy consolidation 
that promotes knowledge building and technical discussion of city revealed dynamics 
amongst actors. 
The information process can give increasing clues about urban dynamics that allow the 
implementation of scaling data needs and complexity frameworks for modeling. The 
information, even with fragmentation, heterogeneity, and non periodic temporality, can 
serve to produce estimated derived information through modeling analysis that offers 
contributions to knowledge building about the city, even if non-traditional approaches are 
required. Since the dynamics of the city are uncertain and changing, this process 
acknowledges rather than denies uncertainty. The information offers more insights about 
different processes and, overall, can point out some information requirement strategies to 
deepen the findings. 
2.2 Proposed Strategy 
The developed strategy for planning, modeling, and information management is built 
through a multi-paradigm, multi-methodology modeling platform that deals with a 
transversal approach to the analysis of urban processes. The strategy demands an explicit 
analyst’s understanding of urban multiple dimension dynamics and their particular and 
overlapping arrangements about driving actors, processes and dominions, as well as an 
acknowledgement of the uncertainties and the information character of the results for the 
insertion of proper contributions into the decision making process.  
The modeling platform seeks to represent the probable urban occupation distribution 
resulting from the interaction of the regulator’s public policy and infrastructure intervention 
with social actors’ dynamics and probable mobility responses (relocation). Thus, it seeks to 
tackle the complementary question of the traditional planning approach. Instead of looking 
for the “best” or “optimal” solution for a physic-spatial intervention distribution subject to a 
given occupation baseline, it looks for the probable changes to the residential and 
industrial firm’s mobility—the social actors’ occupation distribution—driven by the 
implementation of a certain infrastructure or policy intervention.  
The exercise requires a complete change to the order of factors in the planning question 
and a wider methodological toolbox, even conceptually, since the question evolves in time 
and space and the capture of results and indicators need to indicate the short or mid-term 
future at the very least.  
The required understanding of the proposed urban approach deals not only with coverage 
or efficiency indicators and society’s baseline behavior, but with more complex dynamics 
like preferences, attractiveness and consumption patterns changes. To briefly illustrate this 
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 point, a facility location problem can be used as an example. The current planning 
approach under the city object paradigm will establish the demands of new facility sites 
subject to the current spatial distribution of people, their attributes, and their varying 
coverage needs. Different factors such as human development indicators or urban 
efficiency and “competitiveness” indicators, will drive the assessment and the valuation of 
the proposed intervention impacts to indicators’ increasing/decreasing levels, based on 
different social and economy baseline networks and consumption trends. A detailed 
analysis will explore many aspects of the particular society and urban environment and will 
offer a facility or facilities network design and an implementation guide.  
For the dissertation’s proposed approach, the facilities network plan is an exogenous input 
and the analysis is based on people’s forming of preferences about the changing city (city 
subject paradigm) measured through the physic-spatial assessment and qualification (city 
object paradigm). Continuing with the above example, facilities can either positively or 
negatively impact the resident’s comprehension of the environment, depending on the 
external effects on the community. A hospital drives completely different dynamics than a 
jail, and even so, a specialized Level III hospital drives different expectations on the 
community than a mental care facility or a regular Level I health centre. Any infrastructure 
intervention will change the environment and then it will shape peoples’ preferences and 
political positions, and will send signals to those investment niches, thereby influencing 
housing and goods markets and configuring suitable conditions for relocation among many 
others. Understand these dynamics of people’s preferences and responses to both physic-
spatial and market environments (city object + city subject) can lead us to prospectively 
simulate the social actor’s movement and redistribution dynamics within the city. 
 
Multi-Paradigm Reflections 
The multi-paradigm multi-methodology platform represents a novel conceptual, 
methodological and instrumental strategy to address a complex analysis and to facilitate 
the inclusion of interactive knowledge generation in the progressive understanding of 
integrated local planning problem evolution. The platform integrates models with different 
underlying methodologies and analytical approaches that support the different natures and 
dimensions of interaction in a city. The inherent paradigm combination is discussed in this 
dissertation as a supporting conceptual baseline to build the proposed platform and to 
accompany the analysts and stakeholders through the exercise of a wider urban 
problematic construction. 
The discussion of multi-paradigm multi-methodology approach in literature has been 
focused on a valid and pertinent definition of the resulting analysis frameworks and the 
establishment of a formal context to structure the applications and therefore to build 
foundations for development guidelines (IIASA, 2009; Kotiadis & Mingers, 2006). Kotiadis 
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 and Mingers (2006) present a wide analysis of previous discussions on the topic and a 
proposal of philosophical and practical challenges.  
Conceptual platforms for multi-paradigm analysis and its multi-methodology approach as 
an open line of discussion have different weaknesses and strengths but can ultimately be 
defined as a strategy to reach the closest approximation of real world problems, involving 
the complexity related to several different lines of analysis and their inherent emergent 
results. 
Paradigms are by definition different “ways of seeing” by either contradiction or 
replacement, and so paradigm combination has to be mediated by a strategy. Most of the 
practical applications are combinations of methodologies that feed into one another via an 
information chain (IIASA, 2009). The combination itself is not an explicit formulation of 
paradigm underlying rationale, but rather a practical engagement for model 
implementation.  
The methodologies combined in this approach came from different modeling paradigms, 
hard/soft and even bottom-up/top-down. As discussed before, each modeling paradigm 
can be identified as a range of methodologies among which combinations do not stress 
difficulties in the academic arena or in the methodological approach. Instead, the 
combination between methodologies coming from different paradigms emphasize 
problems at philosophical, cultural, cognitive, and practical levels (Kotiadis & Mingers, 
2006). 
For the discussion and based on the dissertation researcher’s position, the platform was 
built under the conception that it is genuinely possible to coherently combine different 
methodologies or parts of methodologies from different paradigms in a framework of 
strength/weakness analysis and joint paradigm approach, as a strategy to potentiate the 
analysis. This corresponds to the paradigm crossing position, which is the most pertinent 
proposal to real practice in complex problems and which deals with a consideration of 
various paradigms required to approach dynamics (Kotiadis & Mingers, 2006). Two other 
positions, summarized by Kotiadis and Mingers (2006), are the integrationist position that 
proposes the combination by ignoring the different underlying paradigms and therefore 
disregarding the paradigmatic assumption impacts on the analysis, and the 
incommensurability, which takes a position that denies the real possibility of multi-
paradigm coordination and therefore refuses to confront the various problems.  
Multi-paradigm thinking (paradigm crossing) needs to acknowledge the different 
assumptions, characteristics, and competing approaches in order to establish a 
coordination strategy. Proposals illustrating this idea, summarized by the authors (Kotiadis 
& Mingers, 2006), are the sequential and parallel strategies that propose the movement 
between paradigms as a sequence of methodologies and information chain, being a 
sequential, linear and unidirectional movement with parallel a unrestricted sequencing in 
which all paradigms can be applied on an equal basis and a more flexible information 
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 chain can be established. Complementary bridging and interplay strategies refer to 
paradigm acknowledgement of the implemented approaches. Because bridging conceives 
the boundaries between the underlying paradigms as transition zones, it is not possible to 
completely establish where one paradigm leaves off and another begins. The interplay 
strategy bets for the simultaneous recognition of paradigm contrasts and connections to 
structure the information chain through a modeling sequence. The authors textually say 
that this strategy “can move back and forth between paradigms allowing cross-fertilization 
while maintaining diversity...”, which matches the aim of the added value chain proposal. 
The sequence recognizes the approaches and paradigms and the cross-feed of 
information represents a strategy for transversal learning and the conceptual reformulation 
of urban problems under complexity thinking. 
The multi-paradigm implementation is then paradigm crossing with interplay strategy as a 
defining underlying approach suitable to the urban city object + city subject 
conceptualization and its methodological requirements. The proposed framework for 
information added value defines a progressive learning process based on modeling 
approaches, compatible with the enormous complexity related to the urban problem, and 
as a strategy for both instrumental and methodological enhancement through the platform.  
The platform is a multi-paradigm multi-methodology prospective tool implemented by a 
modular models structure and connected through an information sequence interchange. 
Scheme 5 illustrates the added value given to information in each step of the modeling 
exercise, since the information required to feed a specific model approach is not 
necessarily the data source, but the processed data to obtain certain indicators or 
processes explicative parameters.  
The modular structure design responds to an interactive analysis of source and processed 
information, since every analytical approach has specific information attribute demands. 
So the platform is based not only on the sequence of implemented models but also on the 
recognition of the added value chain in information for decision making, as a framework for 
continuous learning, enhancement and update of the models and, therefore, the 
prospective approach of the occupation dynamic problem. This structure recognizes and 
considers the huge uncertainty and complexity of both the urban system and the modeling 
approach. 
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Scheme 5. Platform added value chain. 
 
Model Sequence 
To complete the discussion, the developed modular multi-methodology platform, to be 
described in detail in the next chapter, is analyzed by the multi-paradigm multi-
methodology structure characteristics.  
 
Scheme 6. General structure of 
the model sequence. 
The model sequence displayed in Scheme 6 represents 
the general structure of the developed modeling 
strategy. Models are sequenced to approach two main 
correlated questions: external effects of the urban 
interventions (public policy and infrastructure), and the 
probable resulting occupation patterns within the city. 
The underlying hypothesis is that residential and firm 
mobility processes are defined, among many other 
variables, by externalities on the urban environment 
because of its impact on social actors’ perception and 
decision-making processes.  
Not all the analyzed externalities feed back into the mobility dynamics as an endogenous 
modeling feature, but all of them can be analyzed using spatial and temporal indicators to 
perform different analyses and to focus demand assessments for different planning 
initiatives.  
The resulting occupation patterns are considered by the urban planning exercise as the 
demand driving variable; thus, the platform is a prospective tool for demand assessment.  
The models implemented to answer these questions, according to available information 
and current knowledge for the case study, can be described in three main sequences: the 
mobility demand formation, the city supply parameterization, and the transaction 
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 assessment. Table 3 shows the predominant paradigm for each sequence as developed 
in the platform; Table 4 shows a brief comparison between the proposed approach and the 
current or traditional one, emphasizing contributing differences.  
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Table 5 shows the proposed approach differences in prospective implementation and 
conceptualization. Current prospective approach usually identifies a desirable future 
although sometimes, depending on the methodologies, it shows a probable achievable. 
These prospective approaches are commonly used to establish the border conditions for 
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 policy, which for the specific case of land use policy, represent the use and development 
capability restrictions and the upper/lower buildability indexes. 
For the prospective proposed approach, these border conditions are used as input data to 
namics generated by those policies. In this 
s intended to b
n. 
review, as described before, the different dy
sense, the proposed approach i e complementary, not exclusive. 
Table 5. Prospective approaches compariso
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Figure 1. “Must be” vs. “What if” approaches. 
In the middle there is the baseline density map for Medellín Metropolitan Area (2005). The map at 
e left shows the “must be” constructed scenario for density policies, based on the best-expected 
performance of the urban evolution. At the right, the map shows the probable densification scenario 
for 2020 estimated with LAD-T. 
th
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3 MODELING PLATFORM SPECIFICATION 
The designed and developed platform represents a huge undertaking since it involves 
conceptual and methodological research as well as the design and implementation of 
modeling instruments. It was developed during a four-year research project (Unalmed, 
2009), co-funded by the University and two regional planning and decision making 
institutions—the Área Metropolitana del Valle de Aburrá and the Empresas Públicas de 
Medellín—both interested in joining the initiatives for the implementation of better 
instruments in planning and urban analysis and the added value extraction from all 
information they produce and manage. 
The project was developed through a research collaboration coordinated by the 
dissertation’s researcher. The model specification and sequence, as well as the 
conceptual and methodological requirements and instrumental expectations for the 
information management, were designed and developed directly by the researcher. A 
research team consisting of undergraduates and master students developed the 
architectural features and the general implementation and calibration of the sequence and 
also participated in the specification of some models through the modeling analysis and 
calibration. Three professors were directly involved in the ideas exchange, design, and the 
continuous discussion of the project scope regarding the research lines of economy, 
operation research and conflicts management. 
The produced platform is a powerful 
decision support system named LAD-T for 
its given name in Spanish: Laboratorio de 
Análisis de Decisiones–Territorio/Decision 
Analysis Laboratory–Territory. (See Figure 
2.) Except for the solver, it is mainly based 
on an open source software. The intellectual 
rights belong to the University and the 
patrimonial rights are shared between the 
University and the Area Metropolitana del 
Valle de Aburrá. It is a development to be 
progressively enhanced throughout the 
research in collaboration with the planning 
authorities and institution.  
Figure 2. LAD-T welcome interface.  
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 The dissertation is concerned with the conceptual design of the platform as a strategy to 
bridge the gap in some of the paradigmatic issues of modeling and planning fields for 
complex urban agglomeration problems assessment, with Medellín Metropolitan Area 
being the case study for all purposes including the conceptual design (Chapters 1 and 2).  
To support the analysis, the modeling specification and the decision sequence are 
described in this chapter, following a conceptual thread of how the information chain is 
built (see summary diagram in Scheme 12). Some of the main elements of each sequence 
step are presented, such as the model method and the underlying analytic specification. 
This chapter briefly presents the architecture of the platform (Section 3.3) and the 
modeling coordination strategy linked to a central database. The mathematical 
specification can be consulted in the document “General Formulation LAD-T,” which is 
digitally available (Rave, Jaramillo et al., 2009c) and is part of the platform documentation. 
Chapter 4 utilizes maps, graphics, and numeric analysis to present the baseline scenario 
results for a prospective horizon of fifteen years, illustrating the potential of the different 
models and their integration into the modeling platform. 
3.1 General Approach: Modeling Sequence Structure 
The modeling sequence can be described by three chains: the mobility demand formation, 
the city supply parameterization and the transactions assessment. These sequences are 
related to the main platform modeling goal, the urban occupation prospective evolution, 
and, for description purposes, will be referred to in this chapter as the Territorial Module 
(MT) (see Box 1, page 33).  
The platform, understood as the complete software development, can be globally 
described as being composed of the following three modules: the modeling coordinator 
and manager, the central database, and the models (see Table 6). Among the models, the 
MT is the main modeling development and the heart of the platform; two other models 
have been developed and/or implemented within the platform: MSP, the utilities expansion 
analysis module (modeling development), and MEE, the energy economy environment 
module (based on Markal model), both of which are exogenous to the MT but linked 
through the information chain (MT results feeds the models) and therefore, available for 
integrated analysis (Indicator System).  
The MSP and MEE will be briefly described at the end of this section to show how they 
contribute to a robust prospective planning platform (See Box 3 page 98 and Box 4 page 
101). All resulting maps, time series and graphics have been produced by the Indicator 
System—not formally described in this document (see Box 2 page 75), and are illustrated 
in Chapter 4. 
Table 6. Platform modules’ structure 
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 Modules General objective Modeling Sequences/sub-modules
Mobility demand formation
City supply parameterization
MT 
Territorial Module 
Responsible for the dynamic prospective 
approach to the occupation pattern evolution 
Transaction assessment
SI 
global Information 
System for indicator 
analysis 
Global Information System for indicator 
analysis, integrated for the MT and proposed 
to manage information and estimate scenario 
indicators 
Indicator system
MEEE 
Energy Economy 
Environment Module 
Implemented to estimate costs and 
externalities of infrastructure projects that 
feed from the MT to estimate demand 
Energy Economy Environment Assessment
MSP 
Utilities expansion 
analysis Module 
These latter three modules offer analysts and 
stakeholders a more concrete tool for 
interaction and decision making, while the MT 
offers a main conceptual prospective 
framework to support urban planning 
Utility network expansion analysis, Drinking water 
distribution network,
Electricity distribution network,
Domiciliary natural gas network,
Sewage network
 
At this point, it is important to highlight the importance of having a city (urban 
agglomeration) context when developing such a platform. City dynamics are highly 
complex due to their own particularities in socio-cultural, economic, geographical, physic-
spatial, governance, and many others aspects of the environment in which the city is 
placed. Also, its development level in planning and information management gives very 
unique with which to work. 
Following the proposed concept of added value chain, the available information for the city 
and its dynamics analysis and study have defined the model’s scope and the methodology 
selection for the case study, and therefore the platform’s general structure and its 
applicability and pertinence framework. For other cities, an initiative like this modeling 
platform is possible and very much recommended, but the modeling approaches have to 
be reviewed and potentially altered in order to match different dynamics, data availability 
or applicability context. In this sense, modularity has been proposed as one of the major 
features to allow the partial update, change or reformulation of the models. Nevertheless, it 
is important to remark that the main goal of this modeling development is the knowledge 
built about the city in an integrated transversal way. It is neither prediction nor detailed 
analysis for a particular purpose, and is especially not a generic software production. 
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Box 1 
Territorial Module (MT) 
The MT is the main component of the platform that resumes the urban location dynamics based on 
the modeling analysis of probable trajectories of social actors and the regulator regarding location 
decision making (industrial and residential mobility). It configures the modeling development for 
prospective scenario analysis of occupation pattern evolution within a city, offering a powerful and 
novel tool to assess urban planning exercises by combining the socio-economic strategies with the 
territorial model.  
 
Figure 3. Urban attraction/expulsion dynamic. 
An example of the evolution of neighborhood 
services. The residential densification requires 
facility and service coverage, increasing the 
attractiveness for residents and therefore for 
commercial firms. The new neighbors will impact 
the travel demands, thereby increasing the traffic. 
At some point the densification and traffic 
externalities will negatively impact the 
attractiveness factor, setting a saturation point for 
residents’ or industrial firms’ location in the 
neighborhood. The complexity is associated to 
multiple neighborhood changing processes 
overlapping in time and space in the city.  
 
The results are focused on the city densification patterns, which are spatially disaggregated, 
expressed by the resulting distribution of building inventories and social actors (families/firms). 
  
 
Figure 4. Density estimated 
indicator (households/ha) 
by polygon for baseline 
(2006) and modeling steps 
4 (2010) and 13 (2018). 
It considers both the attribute analysis of social actors (life cycle, socio-economic attributes, 
consumption and access capabilities, opportunities and restrictions) and the physic-spatial city 
configuration (land use policy, restriction and opportunities, planned infrastructure intervention, city 
service networks) including the pre-existing urban occupation scenarios and the local, regional and 
national economic context, consisting of the legal and operating markets context. Therefore, the 
platform offers multiple results and prospective integrated indicators related to modeled dimensions 
and the model’s definition and specification offers many novel contributions to urban planning and 
prospective analysis.  
All of the MT model sequences feedback into the general occupation dynamics. It is implemented 
for a fifteen year planning horizon with an annual modeling step. 
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 3.2 Territorial Module (MT) Specification 
The MT can be understood as a narrator of the urban occupation evolution due the social 
actors’ behavior and decision making with regard to a proposed “normative” city. In this 
approach, both the policy and infrastructure interventions are included as exogenous 
parameters in the model. Thus, the endogenous decisions within the model consist of the 
transaction analysis between social actors, including the regulator, the urban supply, and 
finally, the social actors’ probable behavior in terms of city perception changes and 
location mobility.  
Driving actors and the territory, as abstractions of the players and the place, are defined 
below so as to properly frame the modeling elements and sequences of the platform. 
3.2.1 Driving Actors 
Social actors, as they have been referred to in this document, define the agents driving the 
location decision-making. They are families and firms, represented as socioeconomic 
unities, responsible and autonomous for residential/firm location decision-making. They 
demand households/buildings according to their life cycles and consumption patterns and 
their location decisions are influenced by their socio-cultural preferences, borrowing 
capacities, and city final services supply perception.  
Two other agents, the developer and the regulator, are involved in the location dynamics 
by virtue of driving the policy and infrastructure supply of the city.  
The builder or developer is an aggregated representation of the different types of 
constructor agents (public or private/small or large). The new housing supply is subject to 
potential buildability areas (land use policy), potential demand, and profit opportunities.  
The regulator or policy maker is the public actor responsible for public infrastructure 
development and policy design, planning, implementation, and control. “He” is responsible 
for the normative scenario definition, implemented exogenously in the model by 
parameterization, including infrastructure, land use policy, socioeconomic programs, and 
housing policy like financing and/or allowance access instruments.  
In the platform, the regulator drives a territorial setting of utilities, facilities, public space, 
and transport networks; he also defines the land use vocation and policy (buildability 
indexes, use restrictions). Thus, the regulator intervention results in signals about the city 
services configuration, which are read by social actors; and about the opportunities 
(profitability) and restrictions for development, which are read by the developers. For 
location decisions, social actors read both the regulator’s and the developer’s signals in 
order to arrive at a solution that considers preferences and possibilities. 
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 3.2.2 The Territory. 
The territory represents the spatial scenario of the city, charged with attributes (physic-
spatial, geographical and occupational), and in which the dynamics between actors takes 
place and the resulting variables of analysis are described.  
The territory defines a series of attributes that determine the temporal and spatial domains 
of all analysis processes. The baseline configuration for this case study includes 
socioeconomic activity location (residential and non-residential baseline occupation and 
economic distribution), housing market supply, physic-spatial restrictions, and public 
service structures (transportation, public space, utilities, facilities). In other words, the 
scene, charged with attributes that describe different dimensions performance, configures 
the territory as a component of the model.  
Period by period, those attributes are updated as a result of the endogenous transaction 
between social actors in the territory. 
3.2.3 Territorial Module (MT) Modeling Sequence Description 
Following the ideas for actor dynamics and representation of transactions, the MT can be 
described as a Demand-Supply negotiation where interrelationships among actors and 
between them and the territory play different roles along the “demand” and “supply” sides 
according to the general reviewed paradigms (Chapter 2). 
The demand side, represented by the building demands for residential and firm mobility 
(sequence 1, Table 6), simulates the demographic and socioeconomic dynamics that lead 
social actors to a housing/buildings demand formation. Families/Firms have attributes that 
represent them, in terms of life cycle evolution and socioeconomic attributes, thereby 
defining their living/working space consumption patterns. These patterns consist of 
anything from financing capacity and preferred type of household/building, to their 
relationship, tolerances and preferred perception of the environment and neighborhood, 
such as neighbor attributes, city final services requirements and externality tolerances. 
Demand formation is therefore firm/family driven and its analysis over time is mostly 
implemented in the platform by simulation approaches and econometric and statistical 
modeling to seek the required parameters. 
On the supply side (sequence 2, Table 6), the city services networks (facilities, public 
space, housing and firms distribution, transportation networks) and the residential and 
non-residential market (or real estate market) are analyzed and qualified. 
The city services network analysis, deals with the regulators’ vision: the seeking of the 
“best” configuration of public services in order to optimize the network itself or its function 
within the city. This goal is mediated by the regulators’ set of preferences and political 
project. The models and approaches implemented for this analysis are mostly normative 
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 and bottom-up, to represent both the technological and infrastructural behavior of the 
networks as well as the spatial variable configuration. This scenario approach is helpful 
when analyzing different occurrences over time. 
The residential and non-residential market modeling approach is based on the developer’s 
agenda and preferences set. This market is considered speculative in nature, so the 
offered product has to fulfill a minimum profitability considering several conditions such as 
cost structure, competition and pricing projections, as well as location attributes. The 
offered prices are supposed to endogenize these variables, so the model is based on the 
definition of offer feasibility characterized by type, price and location. The number of 
buildings is a result of the platform. For social housing projects, the prices are fixed and 
regulated by national policy and included in the feasibility analysis.  
The developer is the market-driving actor and the implemented approaches for this 
analysis are discrete choice models and financing simulation analysis.  
The location model (sequence 3, Table 6) incorporates signals from the demand and 
supply sides, to describe the baseline and the actor’s preferences as either restriction or 
utilities functions to define the probable assignment. The location model (MIP), bottom-up 
type and highly spatially disaggregated, seeks to maximize the number of assignments 
that fulfill both the restrictions and utilities. It is not a function to optimize “an ideal” city 
assignment but instead to optimize the actor’s requirements and developer’s total 
profitability.  
The platform was built under the conceptual framework of the complexity of the city as a 
dynamic and multi-dimensional system. There is no ideal or optimal performance, rather 
multiple ways for a city to achieve many different goals. In this case, the model is not 
dealing with the purpose of delivering a solution but is describing a probable trajectory of 
the elements of the city—social actors, territory—under different occurrences such as 
public policy, infrastructure intervention and socio-cultural attributes, modeled in the 
platform as scenarios.  
The location model seeks to implement a platform for negotiation or transaction description 
between the social actors in the city and the territorial results in terms of city services 
network changes and densification. As an intermediate transaction between demand and 
supply, there are two important defined factors, the Observed Attractiveness Factor (OAF) 
and the Speculative Attractiveness Factor (SAF). Both are a result of joint analysis 
between the demand and supply attributes to allow matching between demanders’ 
preferences or needs with the qualified attributes of the supply.  
The OAF is the result of the joint analysis of baseline occupation revealed preferences, 
under the proposed qualifying system for the city services networks. According to the 
analysis, the ranges and combinations for the city networks qualifying indicators were 
calibrated and defined for the modeling approach (expert system). The SAF is the result of 
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 the joint analysis of the residential and non-residential markets with the social actors’ 
consumption patterns. It involves the analysis of the interrelationship of family’s borrowing 
capacity, firm’s investment capacity, and the financial system and housing financial policy 
to produce a scale of financing capacity that matches the market supply. 
The main result of the above analysis is the definition by calibration of the analysis scales 
in which both attractiveness factors will operate. The location model will work with demand 
and supply parameterized on those scales to match the preference/supply assignment. 
For each period, both demand and supply attributes will change, and the attractiveness 
factor will allow the proposed combined analysis.  
Table 7 shows an overview of the relationships between the platform submodules, the 
social actors involved and the modeled processes. 
Table 7. Submodules, modeling sequences and driving actors, correspondences 
Modeling 
sequence Scope Driving Actor
Demand side 
Mobility demand 
formation 
Social agents’ demographic and 
consumption patterns analysis. 
Building demand formation. 
Families, Firms
City services (public space, facilities, 
utilities, housing, and industrial) 
networks qualification  
RegulatorSupply side 
City supply 
parameterization Parameterization of residential and 
non-residential market supply Developer
Observed attractiveness factor 
estimation (OAF). 
Joint analysis. 
Firms’ and families’ preferences and 
consumption patterns vs. City services 
networks qualification
Speculative attractiveness factor 
estimation (SAF). 
Firms’ and families’ socioeconomic 
attributes, financing capacity vs. 
Parameterization of residential and non 
residential market supply
Transactions 
assessment 
Location. Joint analysis. Descriptive approach for families and firms
 
Platform Model Specification and Description 
The platform describes the dynamics for each modeling period through a number of 
modeling and parametric steps that contribute to an information chain. The general design 
of the modeling and parametric methodological approaches are related to the dynamic’s 
nature (actors’ decision sequence) and the proposed question in each step of the 
sequence.  
Table 8 presents the proposed classification of modeling steps, with a description of both 
modeling and parametric developments performed to build the platform and to calibrate 
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 the baseline scenario for the case study (see baseline discussion, page 67). In the table, 
the column “modeling developments” shows the models implemented in the platform to run 
period by period; the column “parametric approaches” shows some of the modeling 
developments performed to obtain the required parameters, functions, or time series that 
feed the platform. 
Table 8. Modeling specification by submodule. 
Modeling 
Sequence Modeling Steps Parametric Approaches 
Modeling 
Developments 
Socio-economic 
framework configuration 
Residential building 
demand formation Mobility demand formation 
Industrial Firms’ building 
demand formation 
Econometric methodologies: 
Input-output matrix 
GDP and macroeconomic 
projection,  
Type of employment function 
Discrete choice modeling: 
Residential mobility probability 
(Binomial logit) 
System dynamics: 
Family’s demography 
and life cycle; Firm’s 
demography and life 
cycle, 
Optimization models: 
Estrato distribution 
correction 
Nodal system 
configuration analysis 
(Inventory analysis) 
Network distribution 
indicator estimation  
Network connectivity 
indicator estimation  
Transportation model 
City service 
networks 
qualification 
Network accessibility 
indicator estimation  
Discrete choice modeling: 
Trip probability (nested logit), 
 Modal split (Multinomial logit).
Network spatial analysis 
supported by GIS 
Expert system: 
indicator estimation, 
Entropy model: trip 
distribution step, 
Equilibrium model 
with congestion for 
transport: traffic 
assignment step,  
Recursive 
algorithms: path trip 
time estimation 
Parameterization 
of residential 
and non-
residential 
market supply 
 
Discrete choice modeling: 
housing offer probability by 
comuna (Multinomial logit),  
Non-residential market 
parameterization 
Housing finance simulation  
Set formation by 
expert system 
Observed 
Attractiveness 
Factor 
estimation 
 Exploratory analysis: Revealed preferences analysis 
Set formation by 
expert system 
Speculative 
Attractiveness 
Factor 
estimation 
 Market price parameterization Set formation by expert system 
Residential location 
Location 
Firms’ location 
 
Optimization models: 
location models 
sequence (MIP) 
Inventory 
analysis   
Expert system 
(central database) 
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 The following description of the modeling steps—organized according to the complexity of 
the modeled processes—deals with the main attributes of the models and their 
contributions to the global question. 
3.2.4 Building Demand Formation 
For the building demand formation there are three different lines of analysis that converge 
for the demand formation, as shown in Table 9. In the modeling sequence there is different 
defined feedback, including the other sub-modules of the platform, as shown in ¡Error! No 
se encuentra el origen de la referencia..  
The definition of feedback is based on the need to represent and describe the social 
actors’ life cycle and to characterize their socioeconomic patterns and consumption 
demands over time, consulting not only the national and regional framework but the local 
activity display and social actors’ distribution as well. 
The socioeconomic estrato is an attribute defined in Colombia (Law 142 de 1994, Article 
102), to classify households/buildings according to their physical characteristics, regarding 
not only structure type and facilities but also location and city services. The estrato is a 
strategy to classify the households “status” for taxes and obligations estimation, mainly the 
utilities tariff. The estrato has a correlation with other variables, such as income, and has 
been widely used as an indirect driver of the socioeconomic attributes of families such as 
consumption patterns and economic size. Most of the billing processes in Colombia are 
based on the estrato, from cadastral taxes and housing financing analysis to tuition fees or 
even public facilities tickets.  
For the platform, the estrato is the binding attribute for families and buildings, allowing the 
analysis of housing allocation for families, explaining both city layers, housing and family 
distribution. The estrato varies from 1 to 6, 6 being the most “wealthy”. 
Table 9. Modeling steps for building demand formation sequence. 
Residential building demand 
formation 
Industrial firms’ building demand 
formation Economic framework 
Family's demography and life cycle 
(Systems Dynamic: Aging chain 
with family cycle chain co-flow) 
Firm's demography and life cycle 
(Systems Dynamic) 
Economic sector’s balance and 
social accounting matrix 
(input-output matrix) 
Family's attribute parameterization 
– estrato   
Demanding family estimation 
(Discrete choice)   
Demanding family's attribute 
parameterization - employment 
Firms’ building demand 
parameterization 
(Systems Dynamic) 
Employment type parameterization 
(econometric model) 
  Financing parameterization 
Demanded residential buildings by 
estrato and financing capacity 
Demanded firms’ buildings by 
estrato and financing capacity  
Building demand formation 
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 Scale: aggregated for the region 
 
# families c,t (c=life cycle)
Family's demography and life cycle
# families with 
mobility 
probabilty
e,p,t
Family's attributes parameterization
life cycle – estrato - employment
Demanding 
families 
estimation (Logit)
# families with mobility probability 
c,e,t
Industrial firm's demography and life 
cycle
# firm’s demanded building s,c
GDP
National GDP scenario
Sectorial behavior
Socioeconomic Framework Employment type parameterization
as a GDP scenario function   
% employment p,e,t (p=employ)
crecimiento
economico sector
nacimiento
firmas
muerte
firmas
crecimiento firmas
PASO DE ETAPA
demanda
agregada
demanda
percibida
decisión de
expansion
+
+
+
+
complejidad
estructura
+
+
+
población f
 
irmas
-
-
+
+
+
+
Poblacion
Crecimiento
Poblacion
Formacion
Poblacion
Consolidacion
Poblacion
Disolucion
<Nacimientos>
+
+
+
Independencias
+
+
+
+
Financing Ranges l , v 
l → residential 
buildings 
v → non-residential
buildings
Parameterization of market’s supply
Location
Demanded building parameterization
# residential buildings l,e,k
# non-residential buildings v,s
k (area) / e 
(estrato)
Resultin indicators
Building inventory by 
polygon, f(e)
Scheme 7. Supply side modeling steps configuration 
 
The modeling approaches and information contribution of each step (Table 9) are 
described in this section. 
Socioeconomic Framework 
The socioeconomic framework is included in the platform to give economic consistency 
(national – regional – local), to study the impact on the local sector growth, and to drive the 
local employment behavior 
Based on different projections for macroeconomic indicators (GDP scenarios) (Gómez, 
2005; Rave, Morales et al., 2009a) and a detailed analysis and information process (Rave, 
Botero et al., 2009b), a social accounting matrix (input-output) for the Aburrá Valley was 
developed to study the interdependencies of the different sectors of the economy, and the 
derived impacts from a scenario change through the matrix multipliers (Cadena, 
Benavides et al., 2009b; Cordi, 1999). The results feed into the platform as parameters. 
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 Firm's Demography and Life Cycle  
A model built in system dynamics is implemented in the platform (Rave, Morales et al., 
2009a; Rave, Morales et al., 2009b). It follows the hypothesis of different growth stage 
dynamics defined by the market and economic size of the firms (Costa, Segarra et al., 
2004; Dijk & Pellenbarg, 2000b; Geroski & Mazzucato, 2001; VanWissen, 2000). The 
model is fed by the participation rate shares of the economic sector and the framing GDP 
scenarios mentioned above (input-output matrix). 
For each of the twenty-one included sectors, the model contains 
a detailed analysis and representation of life cycle stages 
described by attributes (number and economic size), letting the 
model describe the probable behavior of those firms in the 
growth cycle, subject to the signals of the market evolution 
(related with macroeconomic scenarios). A reinforcing cycle is 
modeled since changes to the firms’ demography impact the 
market patterns and ultimately the economy growth. The model 
seeks to represent the nature of market changes and firms’ 
evolution growth as a function of structural characteristics.  
 
Firm’s life cycle stages (c) 
Economic 
size 
Life cycle 
stage 
Micro Initialization 
Small Growth 
Medium Transition 
Large Equilibrium 
The firm’s growth is related to expansion to increment the market participation. Thus, the 
model integrates a co-flow to review investment and expansion dynamics for each stage 
(and sector), offering the number of “space” demanding firms and their investment 
capability. The parameters to adjust the functions are based on statistical analysis of firms’ 
investments over time and some scenario assumptions (ECSIM, 2004; Geroski & 
Mazzucato, 2001; Lotti, Santarelli et al., 2001; Rave, Botero et al., 2009b; Rave, Morales 
et al., 2009a; Rave, Morales et al., 2009b) 
Economic Sectors: (AGR1) agriculture, agribusiness, livestock, agricultural services, slaughtering; (ALI3) 
Food, beverages and tobacco industries; (AUT11) Automotive industry; (COM14) Retail sales; (CON13) 
Construction; (EGA12) Utilities; (FIN17) Commerce and financing; (HOT15) Tourism, hotels and restaurants; 
(MAD5) Forestry and wood manufacturing; (MET10) Steel and heavy manufacturing; (MIN2) Mining; (NME9) 
Nonferrous metals manufacturing, light manufacturing; (PAP6) Paper and cardboard industry; (PLA8) Rubber, 
plastics, and synthetic materials; (QUI7) Chemical and ceramic industry; (SOC18_AP) Services and 
government, social service and nonprofit organizations; (SOC18_E) Services and education; (SOC18_HE) 
Other personal and business services; (SOC18_S) Services and health; (TEX4) Textile industry; (TRA16) 
Transportation and communication 
 
Families’ Demography and Life Cycle 
Another system dynamic based model is implemented to simulate the family’s life cycle. It 
is defined by an aging chain that is related to the region’s demographic growth and the 
transition of life cycle stages. A co-flow is linked to relate the demographic chain with the 
family’s life cycle configuration (DANE, 2007; Murphy, 1991; Nijkamp, Van Wissen et al., 
1993; O'Rand & Krecker, 1990; Pérez, 2006; Sabagh, Maurice et al., 1969). 
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The model seeks to represent the demographic dynamics of the 
urban population (birth, death, aging, migration) and the social 
dynamics for family configuration and evolution (families’ 
formation and dissolution). For each modeling step (cohort) the 
families by life cycle will “grow” according to the age and number 
of the members, resulting from the simulated transition dynamics 
(births, growth, independence). The result is the number of 
families in each stage of life cycle in each modeling period.  
 
Family’s life cycle 
stages (c) 
Formation 
Growth 
Consolidation 
Dissolution 
Age groups (years) 
Group 1: 0-9, Group 2: 10-
14, Group 3: 15-24, Group 
4: 25-39 and Group 5: 
over 40 
 
The results (calibration) are consistent with the main demographic transformation 
processes for the region and the country (age pyramid) and endogenize some of the 
cultural family configuration patterns of the population (Brown & Moore, 1970; Dieleman, 
2001; Jiménez, 1989; Profamilia, 2005; Sabagh, Maurice et al., 1969; Susino, 2000). 
 
Demanding Families Estimation 
There are two modeling steps to complement attributes of the families. The first one in the 
sequence seeks to assign the estrato attribute to the families by life cycle. It is composed 
by a recursive function that estimates the rates of estrato by life cycle based on the 
calibration between the baseline rates and the resulting estrato composition for the 
location model in the immediately preceding modeling time step. It seeks to use some of 
the resulting patterns to adjust the baseline rates.  
A discrete choice model (binomial logit) was calibrated for the baseline to estimate the 
residential mobility probability for the families, based on the result of more representative 
attributes, life cycle and estrato (Allison, 1999; Hosmer & Lemeshow, 2000; Medina, 2003; 
Mora, 2002; Orro, 2006). The selection alternatives move or not move over a three, two, 
and one year period, based on the quality of life surveys (2004 to 2007), defines the utility 
function for the families in the mobility process. The survey includes dwell time in the 
current residency (neighborhood), an attribute that gives information for a destination 
matrix of mobility (Área Metropolitana del Valle de Aburrá, 2005b; Municipio de Envigado, 
2007; Municipio de Medellín, 2005, 2006; Rave, Botero et al., 2009b). The estimated 
probability feeds the platform as parameters and defines the moving probability for families 
by life cycle and estrato. 
 
Employment Type Parameterization / Demanding Family's Attributes 
Parameterization – Employment  
The employment type parameterization is a strategy based on Robbins’ 2007 studies of 
Colombian employment and economy framework that estimate a detailed indicator 
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 regarding quality of employment, to study the impact of the transformation patterns on 
labor participation rates above the welfare of the families.  
The study was motivated by the observed gap between the 
GDP and employment growth, explained by a recomposition 
between waged and unwaged employment offers. 
Type of employment (p): 
Unemployed, 
Good employment,  
Bad employment 
Robbins (2007) proposed to study the employment indicator divided in two sub-categories, 
good and bad employment as a function of worked hours and income to provide more 
information about the quality of employment. This is an interesting strategy for Colombia in 
which subemployment and informality represent an important sector of the economy. He 
developed a correlation study between the GDP and the good/bad employment indicators 
and proposed several functions and conclusions for the region (case study) (Robbins, 
2007). 
For the platform, the methodology was adapted using the quality of life survey attributes 
for families, regarding member’s Labor Force, Employment and Wages Statistics, and the 
Family’s estrato (Área Metropolitana del Valle de Aburrá, 2005b; Municipio de Envigado, 
2007; Municipio de Medellín, 2005, 2006; Rave, Botero et al., 2009b), which allows one to 
describe the general distribution of employment type for a family on the baseline, and to 
calibrate the correlation functions with different GDP scenarios. 
The results will be the rates of unemployment and good and bad employment for the 
region (by estrato), driven by the GDP. This classification allows a link between the 
housing borrowing capacity and the three indicator categories, defining a much more 
interesting driver than just income, which is a variable with high uncertainties and 
insufficient descriptive power for housing acquisition and tenure, while using the type of 
employment provides the data required to assess the banking financing simulation. This 
analysis is one of the most interesting contributions to socioeconomic dynamics in the 
platform, linking the economic behavior and the impact on families’ population, and 
proposing a novel integrated methodology to assess the resulting housing market access. 
It also represents an important line of research since the housing policy is still not robust 
enough to guarantee housing (quantity and quality) coverage. 
 
Financing Parameterization 
The financing parameterization step seeks to define the housing/building price range 
accessibility as a function of estrato and type of employment for families and investment 
capability for firms; it also seeks to define the attributes of the demanded buildings (area 
and price). The module is linked with the residential/non-residential market analysis and 
the Speculative Attractiveness Factor, described later in the text (pages 54 and 57). 
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 A set of decision rules are proposed as a result of the simulation of borrowing/financing 
capacities of families and the maximum value of affordable property according to estrato 
and type of employment. Based on this analysis and the characterization of the housing 
supply (price and area), the corresponding price ranges (not disjunctive) were set to allow 
the location analysis.  
The analysis includes the financing policy and subsidies criteria, as well as the current 
methodologies to define the borrowing capacity of the families (Borrero & Durán, 2008; 
DAP Medellín, 2005; Dijk & Pellenbarg, 2000a; Fondo Nacional del Ahorro, 2009b; La 
Lonja, 2008; Nevo, 2000; Presidencia de La República, 2004). The results are financing 
ranges (total building price) affordable by estrato and employment type. Variable: 
demanded building for families by price range and area, and demanded building for firms 
by price range. 
 
Firms’ and Families’ Building Demand Parameterization 
The last step is a parametric function to estimate demanded buildings (indexed by total 
price range, area, estrato/investment capability, economic size and sector) based on 
demanding families and firms (indexed by estrato, type of employment/sector and 
economic size) through a proposed set of logic rules defined in the previous financing 
parameterization step. 
It is important to note that no attribute of area exists for firms as it does for families. In the 
case of the firm, it is difficult to find a correlation between sector and building area since it 
is highly dependant on the particular economic activity and business plan of each firm. 
Statistically speaking, no representative relation between economy size and property area 
was found. Therefore, the firm location model cannot estimate a detailed inventory of land 
use as in the residential case. Thus, the proposed location model for firms seeks to follow 
the economic sector’s pressure on different city polygons. 
3.2.5 City Supply Parameterization 
The city supply parameterization module includes two main components, the City services 
networks qualification and the Parameterization of residential and non-residential market 
supply. Both of those lines include modeling developments with highly spatial 
disaggregation scales designed to assess the different required dynamics and to configure 
a global structure for integrated analysis. The modeling steps allow the detailed spatial 
analysis according to the most pertinent spatial disaggregation for each step (function of 
the modeled process and the available baseline information), and the sequence 
consistency is based on a spatial overlapping strategy facilitated by the information chain. 
The city services network qualification is composed by all modeling steps designed to 
analyze three indicators—connectivity, accessibility and distribution—that qualify the nodal 
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 systems in which the city structuring networks and services were classified. The indicators 
feed the Observed Attractiveness Factor estimation described in Section 3.2.6.1. 
The parameterization of residential and non-residential market supply includes the 
estimation and analysis of the current distribution of the housing market supply as a 
baseline for trend estimation regarding both the residential and non-residential markets. 
The results feed the estimation and analysis of the Speculative Attractiveness Factor. 
3.2.5.1 City Services Networks Qualification 
The nodal system configuration analysis is a novel proposal to analyze the configuration of 
the city services as networks, giving a more strategic approach to enhance the analysis 
and understanding of the service coverage for the cities. 
 
The city services in this context are 
defined as those infrastructures related 
with public definition and implementation, 
such as transport network, facilities, public 
space, utilities, and the urbanization 
(houses and firms) configuration.  
Scheme 8. Urban structured systems 
abstraction as networked systems. 
This designed approach contributes to the correction of a major problem—the 
shortage/surplus interpretation of the coverage and services expansion in the city, and 
therefore the related externalities (welfare, access, implementation problems, etc.). 
The traditional approach defines goals for the population and divides the city into 
polygons. It estimates the shortage/surplus for each polygon with regard to the population 
within in order to define the expansion requirements. The underlying hypothesis is that 
every polygon is a self-contained city that has to fulfill the goals and, as a result, the 
shortage signals are constantly increasing with a consequently smaller range of action for 
each polygon (both land, space, and resources). Some approaches include a spilling 
hypothesis but are still linked to the estimated polygon shortages. 
The proposed network approach assumes that the city as a whole has to fulfill the 
population needs through all this elements, considered to be a services set. All the 
elements of a particular city service—public space, for example—configure a network to 
be evaluated through three indicators—distribution, connectivity and accessibility—that 
give information about the network configuration and the quality of its services translated 
into the people’s ability to access (use/enjoy) those components, therefore the proximity 
(in time or distance) to their houses. As a result, the polygons/links of the network that can 
be enhanced, to most efficiently improve the general access and therefore the city 
services, can be identified. From the political and social point of view, this approach 
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 proposes a better use of resources and a better construction of the city structuring 
components. 
There are six structuring systems, of which five configure the nodal systems for this 
modeling step: public space, facilities, housing, economic sectors (firms), and transport. 
The Utilities system will be considered for the joint module MSP.  
Each nodal system is configured by the 
nodes of all elements, which for a case 
study requires extensive and detailed 
information gathering and processing, to 
configure the networks and define the 
attributes of each element (see Table 12) 
(Rave, Botero et al., 2009a, b).  
 
Scheme 9. Nodal system representation. 
The general modeling approach is an expert system designed and implemented to 
estimate the indicators for the case study configured nodal systems. The system is 
configured as a part of the general database and therefore embedded into the continuous 
information chain. The system captures and organizes all new elements resulting from the 
modeling sequence each period. 
The expert system represents a modeling strategy that considers that this analysis is 
regulator-driven and therefore subject to his preference sets and political priorities. And so, 
by definition, the system allows the active interaction with the analyst (definition of weights, 
rules and functions) and while still maintaining the systematic analysis of the networks 
(Rave, Jaramillo et al., 2009e; Sanz & Brio, 2007). Table 10 presents the modeling steps 
for the three indicators’ estimation.  
 
Table 10. Modeling steps for the city service network’s qualification sequence. 
Nodal system configuration inventory 
Nodal system’s 
attributes calibration for 
distribution 
(Expert system) 
Nodal system’s attribute 
calibration for connectivity
(Expert system) 
Transportation model 
Nodal system’s attribute 
calibration for accessibility 
(Expert system) 
  trip generation (nested logit)  
  trip distribution (entropy)  
  
origin-destination 
trip demand matrix 
estimation modal split 
(multinomial logit)  
  Traffic assignment model (with congestion) 
Time travel estimation 
(recursive algorithm, path 
reconstruction) 
Distribution indicator 
estimation 
(Expert system) 
Connectivity indicator 
estimation 
(Expert system) 
 
Accessibility indicator 
estimation 
(Expert system) 
Indicator calibration and re-scaling 
City service network qualification 
Scale: spatially disaggregated by node and polygon 
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 Nodal Systems Configuration Inventory 
The central database systematizes all information and resulting attributes for all the 
different elements (nodes) that configure the nodal systems (see building and node 
inventory).  
Following the driving actor’s analysis, the public space, facilities, and transport systems, 
are considered to be regulator-driven and, for the platform, are defined as public 
intervention. If pertinent, the elements of these systems are defined exogenously, which 
means that the networks, including expansion plans, are pre-set for the horizon.  
Sections (arches) and nodes configure the transport system, in which each node defines 
an attribute of the transport network such as changes to section hierarchy, direction, 
modes accessibility, or important crosses. The sections—streets connecting the nodes—
summarize all flow capacity information. The system has been divided into two main 
networks: the Metro-Metroplús-Metrocable4 Network (RM) for medium and massive 
transport systems, and the Service Network (RS) for regular traffic.  
Public space nodes, EP: type (Effective, Not Effective), scale (Metropolitan, Municipal, Zonal). 
Facilities nodes, EQ: type (Commerce, Education, Sports and Recreation, Health, Social Infrastructure, Faith, 
Government, Sanitation, Patrimony, Prevention, Security, Transport, Utilities), Complexity (1, 2), scale 
(Metropolitan, Municipal, Zonal). 
Transport system nodes: hierarchy (regional, artery, collector), network class (RS, RM).  
The housing and firm networks are part of the resulting dynamics of the platform. For the 
baseline, each UTA (Unit of Territorial Analysis) resumes the information of all buildings 
within (including all attributes described in the demand formation sequence). The location 
of new buildings (residential and non-residential) is endogenous, meaning that period-by-
period, the number and attributes of the buildings change in the territory. For both 
systems, the UTA is the analysis polygon, which resumes the information of land use 
policy and therefore, the resulting building inventory per period. Thus, the UTA involves 
different attributes related to two different modeling sequences—the location model and 
the expert system. 
For firms, the nodal system includes the centroid of all baseline agglomerations analyzed 
to define the economic vocation and performance of the region and to define the baseline 
attributes for attractiveness aspects regarding firms location preferences and functions.  
 
 
                                                
4 In the case study, Medellín Metropolitan Area, the public collective system includes Metro and 
Metrocable (cable cars) and Metroplús, which is a Rapid Bus System still in implementation. 
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UTA nodes: type (20 defined by permitted urbanization/rural treatment: Agro-Forestry services, Mining, 
Conservation, Environmental Conservation, Facilities preservation, structured urban system preservation, 
Development infrastructures preservation, Consolidation, Consolidation Level 1, Consolidation Level 2, 
Consolidation Level 3, Development, Integral Improvement, Protection, Environmental Protection, Renewal, 
Redevelopment, Redevelopment Level 1, Redevelopment Level 2, Services and Equipment, Industrial 
Production.), land class (urban, expansion, suburban, rural). 
Agglomeration nodes, AG: aggregated sector (Primary, Secondary, Tertiary), sector (21 Sectors), economic 
size (Big, Middle, Small). 
Public space, EP: type – scale. 6 potential combinations. 3616 nodes 
Facilities, EQ: type – scale – complexity. 37 potential combinations. 2380 nodes 
Agglomeration, AG: aggregated sector – sector – size. 40 potential combinations, 261 nodes 
UTA: type – land class. 28 potential combinations. 944 nodes 
Transport system: sections RS: 1773, sections RM: 28 
 
The Expert System 
An expert system approach allows for the performance of a systematic analysis of large 
sets of information by applying a set of criteria, rules and thresholds to the elements.  
For the application, each node type has an individual qualification set based on the 
described attributes of the corresponding nodal system (Rave, Jaramillo et al., 2009e; 
Rave, Perez et al., 2009). A set of qualification values between 0 and 10, were proposed 
to qualify each of the attributes according to the impact in terms of tolerances and 
externalities in the territory (importance and indifference values). A weight was estimated 
as a linear combination of these values to define the role of each node on the network. 
(The analyst can change by scenario those values or combination function for weight 
definition, if the preference set changes over time. It will be necessary to recalibrate the 
analysis scales.) 
The indicator estimation is included as part of the expert system and programmed within 
the database. All attributes, values, and weight functions, as well as all thresholds and 
rules are incorporated within the system to produce the indicators period by period. For 
accessibility and connectivity indicators, the values are obtained by node; and for regions, 
as a function of the node’s indicators. The result for distribution is obtained by region.  
 
9 Distribution Indicator 
For the facilities, public space and agglomeration, the distribution indicator is a function of 
the existence and importance of nodes in each spatial region of analysis.  
It is estimated as an intensity factor. The rate obtained by the participation of all nodes in a 
region over the nodes on the region, each node affected by its weight, defines a 
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 normalized weight of regions. The results (between 0-1) are scaled between 0 -10 (10 
being the best value), using a calibration strategy where some pivot regions are pre-
qualified (well or poorly distributed), based on experts’ criteria and literature review, 
defining the pivot values for the rescale function.  
Figure 5. Pivot analysis for distribution 
indicator estimation in Medellín 
Metropolitan Area. 
 
For the housing system, the distribution indicator seeks to define the predominant estrato 
as a strategy to review how the estrato composition of the territory changes over time due 
to densification and residential mobility processes. It was calibrated as a continuous linear 
function based on the estrato percentages of distribution of households in each region.  
 
9 Connectivity Indicator 
The connectivity indicator measures the connection level between a nodal system and the 
transport network, measured by geometric distances node to node, and taking into 
consideration the two transport networks.  
For each node of the nodal system, the distances to 
the closest transport nodes of each transport 
network (for RS and RM) are qualified by a set of 
logical rules, defined by thresholds that respond to 
proposed tolerances and requirements for the 
different types of nodes. The rules define 0-10 
values from poorly to very well connected. The 
analysis is based on experts’ criteria and technical 
literature, as well as the network’s current 
configuration and statistical analysis of distances.  
 
Very Well connected: RS and combined 
RS-RM distances below the thresholds 
Well connected: RS or  RM distances 
below the thresholds 
Bad connected: RM distances below the 
thresholds (for municipalities with RM 
network) 
Very bad connected: nor RS and RM 
distances below the thresholds
 
For the firm system, thresholds are dynamic and defined as a function of the average 
distance of all corresponding types of nodes to the transport networks. Values over the 
estimated average are considered to be a competitive disadvantage. 
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 9 Accessibility Indicator 
The accessibility indicator measures the tolerance of commuting times by motive, 
measured as a function of the average time to access each node through the transport 
system at a chosen hour. It gives a complementary analysis for the connectivity indicator 
since one well-connected node can represent a long commuting time because of 
congestion issues. 
The expert system, based on a system of logic rules of thresholds, qualifies the commuting 
time in a scale ranging from 0-10 (qualitative corresponding) and based on experts’ 
criteria, literature reports, and statistical analysis of times for the base line.  
Example:  
Work (min): Very good (15) Good (25) Acceptable (45) Regular (55) Bad (90)  
Study (min): Very good (8) Good (25) Acceptable (45) Regular (55) Bad (95) 
For the analysis, a transport model is implemented to estimate the travel times by 
establishing a link between the location model and the transport system. In this way a 
period-by-period feedback can be established between the resulting location patterns and 
their related congestion issues in order to identify externality indicators and impact the 
social actors’ preferences and perception analysis.  
The transport model, described below, gives as a result the travel times for each demand 
pair origin-destination in the system (at peak hour) considering congestion, and offers a 
comprehensive analysis of the feedback between the changes in the nodal systems and 
the consequences for the transportation patterns in a region.  
For each motive, different sets of nodes (by type and nodal system) participate in the 
estimation according to the motive-node correspondence. 
Motive: (7) Work, Study, Health, Recreation/Leisure, Return home, other 
 
The Transport Model 
The transport model is an important link to feed the accessibility indicator, which can be 
seen as the congestion externality measurement, one of the most important when defining 
the qualifying indicators for the urban systems because of its major influence on changes 
to the population’s perceptions and preferences and therefore, on the urban structure 
evolution of the city.  
As an integrated part of the expert system, the transport model is fed by the nodal system 
arrangement and nodes’ weights, based on which, an origin-destination matrix is 
estimated for each period. The traffic assignment model solves the demanded travel flows 
and offers as results the travel times by section (arch). Through the expert system, the 
origin-destination pairs can be reconstructed and so can the resulting commute time. 
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 There is a continuous feedback between changes to the city’s structure and distribution 
(represented by nodal system), and the impacts of the resulting mobility patterns 
(Jaramillo, Lotero et al., 2009; Rave, Perez et al., 2009).  
The traditional transport model approach is composed of four steps that sequentially 
define all the parameters and variables (Ortuzar & Willumsen, 2001; Patriksson & Labbe, 
2002). The first three steps seek to estimate the origin-destination travel matrix demand, 
usually based on an origin-destination survey. The fourth step is the traffic assignment 
model, which solves the traffic flow throughout the network and provides information about 
the resulting transportation patterns. This latter step is based on an equilibrium approach 
that guarantees no other path can improve the travel time for each demand or for the 
system. The four-step approach is commonly used for diagnosis and network expansion 
design. In the case of the platform, it is used as a modeling step that effectively estimates 
congestion externalities via the accessibility indicator.  
The integration of the four steps into the platform sequence and modeling design offers a 
novel approximation to the inclusion of feedback between urban occupation and traffic 
patterns instead of the usual BAU scenarios. One major contribution is the prospective 
estimation of origin-destination matrixes from the occupation dynamic and through the 
nodal systems analysis (expert system) which allows simple methodologies to build 
scenarios for traffic assignment modeling (Rave, Jaramillo et al., 2009d; Rave, Jaramillo et 
al., 2009e). Traditional approaches are based on origin-destination surveys whose 
gathering is costly and are performed for Medellín Metropolitan Area no more frequently 
than every five years. This proposed prospective approach will supply information and 
tools to support different planning studies involving new systems or important urban 
changes; the surveys will give information to progressively calibrate and validate the 
methodology. 
 
Origin-Destination Travel Demand Matrix Estimation (Steps 1 to 3) 
9 Trip Generation (Step 1) 
The travel demand is a social actors’ driven dynamic, defined by the occupation patterns 
of the city and the agents’ socioeconomic activities. Citizens have different motives for 
travel—work, study, recreational and cultural activities, health, and services—depending 
on their needs and the transportation strategies available in the city. 
For the trip generation step (trip demand estimation), a discrete choice model (nested 
logit) was calibrated based on the origin-destination matrix available for the case study 
(2005-2006). The approach seeks the probability of a home based individual by estrato to 
travel or not travel within the peak hour (6:30–7:30 am) and with what motive if they do 
travel. Home originated travel represents approximately 96% of total peak hour travels 
(UTA nodal system), with the morning hour being the more important. The total number of 
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 travels estimated for the baseline is 806.789 (Área Metropolitana del Valle de Aburrá, 
2005a, 2007b; Grange, Fernández et al., 2009; Hildebrandt, Silberhorn et al., 2007; Orro, 
2006). 
The estimated probabilities are included in the platform as parameters to estimate the trip 
demands each period, which are understood as the generated trips or the demand at the 
origin. The UTA as the housing nodal system represents the origin nodes (and of course 
the home bases for the population) for the matrix, offering 944 polygons (see page 47). 
Result: number of generated travels by motive and UTA. 
 
9 Trip Distribution (Step 2) 
The trip distribution step seeks to define the probable trip destinations. The nodal systems 
represent the attractors (facilities, public space, firms, and housing), considering that 
different nodes will attract trips with different motives. A hospital (facilities nodal system) 
will attract health trips and also work and education trips; the intensity of the attraction will 
be mediated by the hospital’s attributes (scale, complexity). 
Through the expert system and based on the nodes’ values (expert system), an attraction 
weight by node is calibrated, based on the origin-destination survey 2006 (Área 
Metropolitana del Valle de Aburrá, 2005a, 2007b). It is estimated as a participation 
indicator, dividing each valued node by the total number of trips. The information by motive 
is normalized for the entire case study region preserving the relative differences between 
the same node types for different geographic zones. The expert system has the baseline 
weight information and the rules to recalibrate the system period by period in case of the 
inclusion of new nodes in the different nodal systems. 
These weight sets feed an entropy model with production restrictions implemented in the 
platform. For each motive, the model solves a vector of origins—generated trips by UTA—
and a system of destinations parameterized by the nodes’ weights (aggregated by UTA 
polygons to decrease the computational cost). The costs are associated to travel times. 
The model will estimate the origin-destination matrix for each motive and period (Grange, 
Fernández et al., 2009). Result: origin-destination matrix by motive. 
 
9 Modal Split (Step 3) 
This step characterizes the origin-destination matrix by mode. The scenario definition of 
modal split impacts the traffic strategies and the global behavior of the system. The modal 
preferences and the probable mode are important variables driven by the socio-cultural 
patterns of the population.  
A discrete choice model (multinomial logit) was calibrated based on the origin-destination 
matrix available for the case study for 2006. This seeks the probability (not the preference) 
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 of an individual by estrato to travel by a specific alternative. The probabilities are 
disjunctive and describe the revealed patterns of the region. Results are included in the 
platform as parameters and can be changed by scenario (Jaramillo, Lotero et al., 2009; 
Medina, 2003; Rave, Jaramillo et al., 2009d). 
Transport modes: Collective public, Individual public, Private collective, Private individual, Cargo freight, Other. 
The matrixes obtained in the previous step (aggregated by motive) are affected by the 
mode probabilities. It is important to note that for the assignment model, all travels 
regardless of estrato or motive, have to share the transport networks. The mode, however, 
will define all the assignment strategies, and network use.  
For the case study, it is important to built scenarios to review collective and massive 
transport projects to enhance public service. The alternatives include new modal 
alternatives for which both the origin-destination matrix and the traffic assignment model 
include modeling strategies to integrate this feature. 
 
9 Traffic Assignment 
The last step seeks to solve the estimated origin-destination travel demands on the 
defined transport network. It is implemented using the classic assignment model 
(equilibrium) with congestion considerations (Davidson, 1966; Sheffi, 1985; Wardrop, 
1952), which offers the flow and resulting travel time of each modeling period for each arch 
of the transport networks. For the platform, this step is fed from the estimated origin-
destination matrix (steps 1 to 3) so the results give signals of travel time evolution for the 
planning horizon. 
The transport network is divided into the Service Network (RS) for regular traffic and 
Metro-Metroplús-Metrocable Network (RM) for medium and massive transport systems, an 
arrangement that offers two contributions. For modeling issues, the congestion assumption 
can be relaxed in the RM (exclusive lanes), a feature that saves computational costs; for 
conceptual and strategic scenario building, the demands for public collective and massive 
transport can be defined for the RM system instead of for each mode, a strategy that 
reduces the overall uncertainty in the case of new modes integrating into the medium and 
massive transport systems. 
Demand is organized into two main origin-destination matrixes. The RS network related 
demands include the demands of all traditional transport modes (individual public: taxi; 
private collective: bus; private individual: automobile, pick-up, motorcycle; load; other). The 
collective public demands include the traditional bus services and the current Metro and 
Metrocable systems, plus its expansion and the incorporation of Metroplús (BRT) into the 
system. These modes can use both networks since the traditional bus uses RS. Metro and 
Metrocable on the other hand, use only RM and Metroplús can use either RS or RM. 
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 Collective public (bus, Metro, BRT, Metro-cable), Individual public (taxi), Private collective (bus), Private 
individual (automobile, pick-up, motorcycle), Load, Others. 
The underlying hypothesis is that a person who is willing to use public transport will use 
any of the offered public systems according to their convenience, and can transfer 
between all systems, including the traditional bus, which uses the RS. 
This is important since the demands for each collective public mode are both difficult to 
project (insufficient or inexistent historical information) and highly charged with uncertainty 
in the sense that the projections cannot represent the demand patterns induced by system 
integration or network expansion. For the case study, the Metro has been running for 
approximately fifteen years, Metrocable for less than five, and Metroplús has yet to be 
implemented. Additionally, a tramline is still in the design stages. The traditional bus 
service is reconfiguring itself according to the expansion requirements. 
Then, the collective public demand estimation (steps 1 to 3), which is more aggregated 
than a specific scenario for each system demand (Metro, Metroplús, bus, etc), will induce 
less uncertainty and will offer as a result, the system use distribution and the prospective 
vision of integration scenarios.  
The results of the model are the flows and time over each arch. To feed the accessibility 
indicator, other modeling and parametric steps are implemented in order to estimate the 
commuting times based on the origin-destination pairs. A recursive algorithm reconstructs 
the paths supported by the expert system (nodal systems) and estimates the average of all 
paths’ travel times to reach each destination node. The result will be the average time to 
reach each node during the peak hour. 
 
3.2.5.2 Parameterization of Residential and Non-Residential Market Supply 
The property market parameterization was configured by a series of different modeling 
approaches and statistical analysis that gives us a diagnosis of the current state of the 
market and the potential trends. In general, there is not enough information on market 
transactions to explore and project the speculative dynamics and the market agents’ 
behavior. The traditional approaches such as the residual method, which estimates the 
final price as the construction costs plus the land cost plus the utility, offers poor insight on 
the future scenarios defined by different speculation dynamics and not only the cash flows 
of the projects. The information on different aspects of the market is fragmentary and the 
gathering, processing and analysis thereof represents one of the most essential 
developments in this regard (Rave, Botero et al., 2009a, b; Rave, Garzón et al., 2009a).  
Two main lines of analysis were developed; the current product characterization of the 
housing and firm’s markets, and the financial tools for accessibility opportunities under the 
socioeconomic framework. 
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 9 Housing Market Analysis 
For the characterization of the property market supply in the case study Medellín 
Metropolitan Area, information about current areas, current offered areas, and prices for 
new buildings was analyzed. As previously reported this information is fragmented, non-
periodical and scarce (Borrero & Durán, 2008; Comfama, 2009; Comfenalco Antioquia, 
2009; Fondo Nacional del Ahorro, 2009a, b; La Lonja, 2008; Ministerio de Ambiente 
Vivienda y Desarrollo Territorial, 2009). 
The offered prices are supposed to endogenize all factors of the developer’s decision, 
from developing costs to perceptions of market opportunities and restrictions. Thus, a 
discrete choice analysis (multinomial logit) was implemented for the case study to analyze 
the price distribution by neighborhood using a database of new projects on the market for 
the 2005-2007 period (Cadena, Benavides et al., 2009a). Each product is indexed by 
estrato and area (m2), and the selection alternatives are the different neighborhoods. 
Some of the analyses were affected by dummy variables that included territorial aspects 
such as public space distribution indicators (from the expert system) or the location in the 
central municipality. These aspects did not define representative changes in the resulting 
distribution because the neighborhoods somehow endogenize the city services attributes 
perceived by the developer. 
This analysis offers interesting information about the offered price spatial distribution for 
similar housing products. Based on these results—probability of finding a price offer by 
neighborhood—a parametric model estimates the set of feasible product offers ($/m2, 
estrato) for each neighborhood. 
For the housing market, the offered area is an important element to consider. A statistical 
analysis comparing the resulting area classes between the cadastral information and the 
new project database used for the discrete choice model shows the progressive decrease 
of offered areas. For the platform, three area classes were proposed to represent the 
prospective housing products, 35, 76 and 120 m2. Each one corresponds to a “type” class 
(1 to 3). The smaller one (35 m2) is the minimum area defined for social housing (VIS) in 
Colombia (Presidencia de La República, 2004).  
Based on these types, the total offered price for the 
house was estimated and validated according to the 
estrato since each estrato defines limits to the total 
investment as a characteristic of the family. For 
example, estrato 1 can only afford maximum prices 
below 45 million Colombian pesos (COP), thereby 
restricting the area to 35 m2. As a final result, feasible 
housing products were defined by type, total price and 
estrato for all different neighborhoods (and UTA).
 
Estrato 
to 2 
to 3 
rato 4 
rato 5 
to 6 
Type (area) 
Estrato 1 1 
Estra 1, 2 
Estra 1, 2 
Est 1, 2, 3 
Est 1, 2, 3 
Estra 2, 3 
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 9 Financing Parameterization 
The financing parameterization seeks to 
determine what kind of product the 
demanding family (with estrato and 
employment type attributes) can finance 
through the housing system. It will establish 
the borrowing capacity of the families and 
therefore the maximum and minimum total 
prices that can be afforded. The credit 
simulations were defined using the estrato 
as an income driver and the type of 
employment as a borrowing capacity driver.  
Range Range value(million COP) Estrato type 
1 30'-45’ 1, 2, 3 1 
2 30'-70’ 2, 3 1, 2 
3 45'-80’ 3, 4 1, 2, 3 
4 45'-90’ 4, 5 1, 2, 3 
5 60'-150’ 4, 5 1, 2, 3 
6 100'-250’ 5, 6 1, 2, 3 
7 150'-300’ 6 2, 3 
8 Mas de300’ 6 3 
 
The financing ranges were defined between 50% and 80% (according to common practice 
in the country), and the results were validated through historical data. The main results 
were the definition by estrato (family) of the total price accessible ranges and the related 
product characteristics (price, estrato and total area). An analysis of the correspondence 
between the families’ minimum and maximum affordable prices and the offered 
characteristics for the same estrato, gives the criteria for the definition of ranges (as shown 
in the table below). 
For firms’ lower price ranges (services and commercial sectors), the analysis is inferred 
from the housing analysis since the transactions take place in the same market, and for 
higher ranges, the analysis was estimated from the current investment capacity of firms 
against their own properties, to give a baseline approximation of current prices and 
location for industrial sectors. Thirteen ranges were defined for the case study. 
Ranges 1 2 3 4 5 6 7 8 9 10 11 12 13 
Range value 
(million COP) 
0-
50 
50-
100 
100-
150 
150-
250 
250-
400 
400-
700 
700-
1,000 
1,000-
2,500 
2,500-
4,000 
4,000-
5,500 
5,500-
7,000 
7,000-
9,000 
> 
9,000 
3.2.6 Transactions Assessment  
In the platform, transactions (sequence 3, Table 6, Table 7) refer to the sequences that 
include elements from demand and supply sides. They solve probable urban trajectories 
by taking into account both restrictions and opportunities of the urban configuration, as 
well as the demands, perceptions and preferences of the social actors. 
Both OAF and SAF are developed to identify the correspondence between social actors’ 
demands and territorial supply for corresponding city services and market prices. These 
factors feed the location model (last modeling step), to allocate the demands and produce 
a probable residential and firm mobility, and therefore a probable occupation scenario 
driven by multiple social actors. 
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 3.2.6.1 Attractiveness Factors 
Speculative Attractiveness Factor estimation Observed Attractiveness Factor estimation 
Parameterization of residential and non-
residential supply Combined network indicator function evaluation 
Market´s viable offered product set formation Parameterization of neighborhood network qualification 
Set formation: restriction dominions for location 
model (expert model) 
Set formation: restriction dominions for location 
model (expert model) 
 
9 Observed Attractiveness Factor 
The estimated indicators—distribution, connectivity, accessibility—seek to qualify the city 
services by efficiency and quality related to the synergy of the network, and driven by the 
regulator’s vision and preferences.  
The social actor’s perceptions of the impacts and externalities derived from the nodal 
systems arrangement—each node and the network—respond to different criteria than the 
regulator’s, being less systemic and more focused on impacts upon the immediate zone 
(neighborhood) where the actor lives, works or participates in any activity. For location 
processes, social actors evaluate the neighborhood or “immediate zone” externalities by 
different tolerance criteria, which are dynamically and subjectively driven by their utility 
functions. To capture some of these criteria, an analysis of revealed preferences of 
families and firms about the qualified (nodal system indicators) baseline city, shows some 
preference patterns and residential mobility trends, and defines the Observed 
Attractiveness Factor. 
The analysis is based on the spatial analysis of revealed mobility patterns, statistically 
compiled from the quality of life surveys for the case study (Área Metropolitana del Valle 
de Aburrá, 2005a, 2007b). The dwelling times of residences during periods of one, two, 
and three years can be mapped so as to study the mobility distribution by family (function 
of socioeconomic attributes). An exploratory spatial based analysis (by neighborhood) was 
performed to analyze patterns and preferences of different indicator levels (distribution, 
connectivity and accessibility), from different groups of social actors (estrato). Some of the 
conclusions showed the relevance of the indicators for accessibility to education facilities, 
the distribution of security facilities and public spaces, and the connectivity to the mobility 
network, especially for industrial firms.  
The result is a set, defined for each social actor—family by estrato; firm by sector and 
economic size—of the resulting relevant indicators and the maximum-minimum ranges of 
tolerable and desirable values. The Observed Attractiveness Factor is a linear function 
defined by the combination of these relevant indicators, indexed by estrato (for families) or 
sector (for firms), and estimated period by period through the expert system, resulting in a 
selection of all UTA with values in the expected ranges. The hypothesis is that these UTA 
fulfill the minimum requirement for social actor’s preferences. These UTA, organized as a 
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 set, feed the location model and define the spatial dominion for each social actor to seek a 
new location.  
9 Speculative Attractiveness Factor 
The Speculative Attractiveness Factor, similarly to the observed one, seeks to establish 
the link between the agents driving demand and those driving supply. The intention in this 
case is to relate the social actors’ financing capacity to the prices of the market, and to set 
a scale function to define the behavior for each period.  
Using the central database, a system of logic rules relates the social actors’ attributes—
type of employment, estrato—to a borrowing capacity and a feasible product price range, 
also estimated in the market parameterization step. The factor looks at each social actor 
indexed by estrato in order to determine all UTA where feasible prices and products can 
be found. The result is a set of UTA that feeds the location model as a search domain for 
the actor’s location. 
 
3.2.6.2 Location 
The location sequence solves the family and industrial firm assignment in the platform and 
also defines the resulting building distribution and composition for the scenario analysis.  
The location model is an optimization approach that seeks to maximize the combination of 
total profitability for the developer and the Observed Attractiveness Factor value (social 
actor) of the location results. The model is driven by an aggregated demand (building 
demand formation sequence) to be solved in a disaggregated domain configured by UTA. 
The restrictions are defined according to buildability indexes and land use policy, inventory 
building balances, and spatial domain searches defined by both SAF and OAF.  
In contrast with a classic distribution problem in which each unity analysis has to balance 
both demand and supply, the problem offers an aggregated demand to be distributed in 
multiple unities with different attributes and restrictions. The demand has to be solved 
using the best combination of unities where the object function can be maximized and an 
exigent set of restrictions by unity (balances) can be fulfilled.  
There are two sequences of analysis, for residential and firm location, respectively. 
Residential location Firm location 
Available and new residential building 
assignment 
(optimization model) 
New firm building assignment 
(optimization model) 
Resulting vacant building assignment 
(optimization model)  
Building and node inventory (resulting in t) 
Location 
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 9 Residential Location 
For residential location, a detailed inventory of occupation is followed, which involves not 
only the new developments but also the existing housing distribution, vacancy and 
demolition processes. 
Thus, the sequences of optimization model can be described in two consecutive steps, the 
residential location, which follows new and used building assignments, and the derived 
vacant location, which identifies the resulting emptied buildings after the relocation 
processes. 
The residential location step has two modeling alternatives differing in demolition 
considerations. Demolition is important in the developing-developer framework of land 
policy analysis since it defines the potential to develop a larger zone with important 
differences in economic and social profits. One model allows one to seek the best 
combination by including demolished space. The other alternative separates the decision 
in one model that only allows the development of new or potential area and a second 
model that reviews the unassigned demand only through demolition processes. The 
objective functions of both alternatives result in very different solutions and it will be an 
analyst’s responsibility to choose the pertinent alternative. It is possible to identify both 
dynamics in the city. The results showed in Chapter 4 are based on the first alternative 
model with demolition consideration. 
Following the urbanization processes, there are control rules for demolition functions 
regarding both land policy and market constraints so as to guarantee consistency in the 
resulting inventory.  
A second part is the vacant location as a result of the relocation processes. Families’ life 
cycle evolution will indicate whether the demand is related to relocation (the whole family 
moves) or new location demand in a new families’ case. Only for relocation was a model 
designed to seek the mobility origin (UTA), and register building availability for the next 
period (vacant) using the relocated family’s estrato to define the vacant building. These 
resulting “used” vacant buildings will be priced according to the similar product market 
price in the UTA. To define the origin UTA, the objective function minimizes the Observed 
Attractiveness Factor or maximizes the reduction of attractiveness. 
In summary, the residential location sequence solves the family’s assignment in the region 
following a detailed inventory analysis in each period. A location model with an attraction 
logic will locate the best possible offer for each family and, in case of relocation, an 
expulsion logic based model will define the probable origin in order to define a vacant. 
The models offer results for the buildings inventory and the built area and, period by 
period, show the urbanization process through indicators of densification and UTA land 
use changes. All buildings have estrato attributes to link with the socioeconomic analysis 
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 and review indicators for distribution composition and its changes throughout the planning 
horizon.  
The location results feed the other two main sequences, reviewing the estrato indicators 
for the building demand formation and updating the housing nodal system and by 
extension all three city services indicators (city supply parameterization). 
 
9 Firms Location 
The location model for firms (economy sectors) solve the firm’s assignment to the UTA 
without the constraints of a balance inventory of buildings or built area. The model includes 
basic land use policy constraints as development restrictions and analysis of all the SAF 
and OAF related UTA qualification and domain sets.  
The model offers an indicative signal of the most attractive UTA within the territory for the 
economic sector’s investment and development, and therefore gives a “pressure” indicator 
for the urban land. This is important since many master plans define the industrial zones 
without taking into account the industry preferences and requirements for competitiveness, 
driven in the model through the indicators, distribution, accessibility, and connectivity.  
Following the same structure of the residential location model, the objective function 
maximizes the combination of total profit for the developer and the attractiveness factor for 
the firms. The firms located in a UTA will be included in the agglomeration nodal system as 
located in the UTA’s node. 
 
Buildings and Nodes Inventory (Resulting in Period T) 
The central database systematizes all the location results, including all modeled residential 
inventories into the UTA (housing) nodal system and the firm’s new location into the 
agglomeration nodal system. The location can be consolidated at the end of the modeling 
period t and it will represent the baseline configuration for t+1.  
The other nodal systems—public space, facilities, transport—include new nodes (projects) 
as scenario information, effective for the beginning of period t, following “minimum 
operation entrance” criteria. 
3.2.7 General Aspects 
A general design of the modeling sequences’ temporal coordination is defined in order to 
give consistency and structure to the platform. The implemented planning horizon is fifteen 
years, with an annual step on which all the modeling sequences run. The overlapping 
structure of the spatial scales is also an important feature that contributes to the 
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 information chain and that defines the scope of resulting indicator estimation (indicator 
system). 
The modeling of temporal and spatial coordination, briefly described below, is an important 
feature that follows the restrictions and scopes of the different methodologies and that 
defines the parameterization design of the platform. 
 
9 Time Sequence 
The time sequence refers to the coordination of modeling sequences for each step and 
between steps. It explains the information feedback and lags, and is an important element 
to be considered in indicator design and analysis. 
The diagram shown in Scheme 10 describes the temporal coordination of the main 
modeling steps. 
The buildings demand formation sequence includes the dynamic system models 
(demography and life cycle), which run at the beginning of the series for the entire horizon 
(fifteen years), feeding the central database with the firm’s building demand and the family 
life cycle evolution. The dynamic system models include all the lags and feedback 
pertinent to the aging chains and the industrial growth processes. 
For housing demand formation, the complementary steps that assign socioeconomic 
attributes to the families, run period by period to allow the feedback between the estimated 
location results (t-1) of the location model and the employment function with lags of 1 year.  
The building demand is estimated for each period and indexed by period t.  
The city supply parameterization sequence runs period by period defining the qualifying 
indicators and the attractiveness factors based on the period’s available configuration of 
the nodal systems: resulting distribution of firms and housing in period t-1 and the defined 
configuration of facilities, public space and mobility for period t. Thus, the attractiveness 
factors will give information about the configuration of the existing services in period t. 
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 Observed attractiveness  T
OAF-R (families)
OAF-F (firms)
Families’ and firms’ lyfe cycle 
analysis for the horizon
Location model in T
Residential building
assignment
Vacant building assignment
new firm’s building assignment
T-1 occupation 
resulting indicators
Total buildings, density, 
families distribution, built 
area, etc
Building and Node
Inventory
Houses and firms, f(T-1)
Other systems, f(T)
Speculative Attractiveness T
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Step 4: traffic assignment
Travel times estimation
Destination average time 
estimation
Residential and non-residential
market supply parameterization
Demanded buildings 
parameterization
Housing demand correction 
(distribution in T-1) 
Houses and buildings demand 
parameterization in T
Origin-destination matrixes 
estimation
F(expert system)
Step 1: trip generation
Step 2: trip distribution 
Step 3: modal split
• Connectivity 
Indicator t 
• Distribution 
Indicator t 
• Accessibility 
Indicator t 
f(T)
T occupation results
Total buildings, density, 
families distribution, built 
area, etc
T
City service networks 
qualification
Supply configuration at the beginning of period T Location results at the end of period T  
Scheme 10. Temporal coordination between modeling sequences. 
 
The location model will solve the buildings allocation for each period t, according to the 
demand (t) and the attractiveness factors estimated for the same period. The results will 
update the inventory for t and will be considered the baseline for the nodal systems (firms 
and housing) in period t+1. 
Thus, the new infrastructure (nodal systems) or distribution changes (location) impact the 
system period by period through the attractiveness factor estimation and the location 
dynamics. 
 
9 Spatial Scales 
The spatial scales treatment of the platform defines one of the most important features of 
the modeling development. The aggregation/disaggregation spatial process included in the 
platform is key for the information chain since all different modeling steps and the modeled 
dynamics occur in different spatial and temporal scales within the city.  
All spatial elements are treated as vectors, defined by points, lines and polygons, each 
one with all spatial attributes pertinent to the multiple spatial correspondences under the 
regional political-administrative organization and the required modeling information 
sequence.  
For the case study, the pertinent political-administrative divisions will be region 
(metropolitan area), municipality, comuna (see Table 11), neighborhood, UTA, and circuit, 
all of which are defined by polygons. All of the infrastructural elements are represented by 
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 nodes: facilities, public spaces and firms use the centroid of the element; households use 
the centroid of the UTA; and the transport system uses the nodes and arches of the 
transport network. All of these elements have the attributes of the spatial situation within 
the region and its correspondence with other greater divisions (belonging, inclusion, 
connection). The models search all the systems and networks so the results can be 
achieved for individual elements and therefore can be used for further spatial 
aggregation/disaggregation processes. 
Table 11 shows the different spatial scales included in the platform analysis. All of them 
suit the Colombian regional distribution for planning and intervention purposes. 
Table 11. Spatial scale definition. LAD-T application for Medellín Metropolitan Area. 
Spatial unity Description Modeling sequences / steps 
Region Metropolitan area. There are five in Colombia with the case study 
occurring in the greater one, which is configured by ten 
municipalities. Metropolitan areas refer to a politic-administrative 
body where each municipality has its own particular local 
government and political autonomy over land use policy, budget 
and infrastructure development. 
The demand formation modules are linked to the regional scale, 
which is the most aggregated scale. The economic framework is 
related to the Metropolitan Area, and its relationships to the 
regional and national scale (the province Antioquia and the 
country). 
Building demand 
formation 
sequence base 
Municipality 
(polygon) 
The municipalities are decentralized subdivisions of the country 
with politic-administrative autonomy. Each one of them is led by a 
mayor elected by popular vote and who represents the local 
executive government. 
The municipalities in the Metropolitan area are Medellín, Bello, 
Itagüí, Envigado, Sabaneta, La Estrella, Caldas, Girardota, 
Barbosa, and Caldas. 
Base for different 
indicator estimation 
Comuna 
(polygon) 
Comunas are politic-administrative subdivisions of the urban 
population, defined in Colombia for municipalities over 500.000 
inhabitants (Congreso de Colombia, 1994). It’s a subdivision 
intended to promote citizen organization and participation in local 
decisions and has repercussions on social program budget 
distribution. There are Comuna subdivisions for Medellín, Itagüí 
and Envigado. 
Base for the 
housing prices 
market analysis 
(logit) and available 
for indicator 
estimation 
Neighborhoods 
(polygon) 
Neighborhoods represent one of the main scales of the platform, 
as they are the most remembered zone for the citizens and the 
one that holds the information about the city supply. 
Neighborhoods often define the planning dominions for facility and 
public space purposes and for social program design, especially 
for municipalities without comunas. 
Is the base unit for 
the attractiveness 
factors 
UTA 
(polygon) 
UTA is the acronym for the definition (in spanish) of the normative 
defined polygon for the model, “Unit of Territorial Analysis”.  
In the research, the UTA definition responds to three types of 
possible polygons defined by the policy: “treatments,” available for 
all territories that contain all the information about buildability 
indexes and the land use normative; “strategic polygon,” related to 
polygons to develop major projects (like economy poles); and the 
Main unit for the 
housing or UTA 
nodal system and 
the location model 
The distribution 
indicator main 
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 Spatial unity Description Modeling sequences / steps 
“partial plan,” related to polygons to develop housing projects with 
special connotations for facilities and public space transfer to the 
city or social housing projects. 
These latter polygons can overlap in treatments, so the UTA is a 
polygon sequence for the entire territory that gives hierarchy to the 
special projects. policy polygons, and the treatments. The UTA 
summarizes the land use policy and buildability index information. 
scale 
Circuit 
(polygon) 
The circuit is a spatial subdivision designed for the utilities network 
analysis and management (drinking water, sewage, domiciliary 
natural gas, electricity) used by the utilities company. For each 
network the circuit system is defined by the coverage area of each 
distribution infrastructure.  
Main unit for the 
MSP joint module 
analysis 
Nodes 
(points) 
The nodes are the centroids of each one of the elements that 
define the studied networks (nodal systems). For the household 
system, the UTA is the main polygon so its centroid configures the 
UTA or nodal housing system. This node will summarize the 
information of housing distribution and inventory. For the firms’ 
system, there are nodes for each agglomeration in the baseline, 
and for the next modeling steps the new firm’s information will be 
located at the UTA node, so the system is composed by UTA and 
baseline agglomeration nodes. For the transport system there is a 
defined network of nodes and arches, were the nodes are located 
in the intersections that define important changes in direction, 
hierarchy or transport networks (RM and RS). For facilities and 
public spaces the system is composed of the nodes  
Main elements 
configuring all 
nodal systems  
Base for steps 1 to 
3 of the transport 
model  
Accessibility and 
connectivity 
indicators are 
estimated by node 
Arches 
(lines) 
The arches are related to the transport system sections (streets, 
highways) and summarize their information and attributes, 
including the allowed transport modes and the distances to the 
nodal system nodes. 
Important element 
for the step 4 of the 
transport model 
Networks 
(graph) 
The network is the arrangement of nodes for each system. There 
are four main networks: public space, facilities, UTA, and firms, 
plus the transport network defined as the structuring system in 
reference to which the connectivity and accessibility indicators are 
estimated.  
Base for the city’s 
supply 
parameterization 
sequence  
 
9 Unities Sequence 
The platform conceptualization and design took advantage of the binding attribute “estrato” 
as linked to both families and households (see Section 3.2.4). In this way, the analyzed 
unities evolve throughout the modeling sequences to represent the required dynamics but 
still preserve the estrato attribute and therefore the consistency for joint analysis of 
households and population densities.  
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 # families life cycle
# firms buildings Economic sector, price 
range, UTA
# firms economic sector, life cycle
# residential buildings estrato, 
area type, price range, UTA
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# demanding families life cycle, estrato, 
employ type
# demanded buildings economic 
sector, price range
developer regulator
Lo
ca
ti
on
# demanded buildings estrato, price 
range, area type
Residential and non 
residential market supply 
parameterization
•City services networks 
qualification
•Land use policy 
parameterization
 
Scheme 11. Analysis unities by modeling step/sequence. 
 
Each modeling step has a main analysis variable that feeds the information chain. For the 
global structure and summarizing purposes, the main units of analysis can be described as 
families/firms and buildings for the demand and supply side respectively. 
On the demand side, familial and economic dynamics are followed to estimate the 
demanding families and firms and translate them into demanded buildings with market 
characteristics. The estrato for families and the sector and economy size for firms are 
preserved in the demanded buildings description. 
For the location model, the buildings are the main units in which the results are expressed. 
This simple characteristic allows the analysis by correspondence of estrato distribution in 
the territory for both housing and family outcomes. Nevertheless, it is not possible to solve 
the life cycle of the families in the territory, or house attributes in the life cycle step, which 
is an important characteristic to be considered for the analysis phase.  
 
9 Modeling Structure Guide 
Scheme 12 (see also Scheme 13) is a general guide of the modeling structure that 
summarizes the modeling steps, the feedback between them and the main variables 
produced to feed the information chain.  
The indexes of the variables (described in the legend) define the resulting attributes and 
scales for each step. The modeling approach is also presented and the continuous or 
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 dotted lines of each square denote corresponding modeling developments or parametric 
approaches (see Table 8). 
 
•City services network qualification (expert 
system). Nodal system UTA, EP, EQ, AG
Distribution indicator br,t (br=barrio)
Connectivity indicator tn,br,t (tn=node type)
Accessibility indicator tn,br,t
Hosing demand formation Firm’s building demand formation
Origin-destination matrix estimation
•Trip generation (Logit)
# generated trips u,e,mo (u=UTA origin,
mo=motive)
Trip distribution (entropy)
# demanded origin-destination trips u-u’,e,mo
(u´=UTA destiny)
Modal split (logit)
# demanded origin-destination trips u-
u’,e,mo,md (md=mode)
Traffic assignment model (with congestion)
# travels u-u’
time travel u-u’
•Residential and non-residential market supply 
parameterization, (based on a logit model 
analysis)
feasible product supply set formation 
Residential: k,e,cm,l (k= area, cm=comuna)
Firms: s,t,cm,v
•Firm's demography and life cycle (System 
dynamics and parameterization)
•Building demand estimation (based on statistical 
analysis and scenario indicators)
# firm’s demanded buildings s,c,v,t (s=sector; 
v=investment)
•Financing parameterization
Prices range analysis l y v (l → residential 
buildings, v → firm’s buildings)
•Employment type parameterization
% employ p,e,t (p=employment)
•Demand attributes parameterization
# residential demanded buildings e,l,t
• Families's demography and life cycle 
(System dynamics and parameterization)
# families c,t (c=life cycle)
•Demanding families estimation. (residential 
mobility based on probabilities estimated by 
a logit model)
#families with mobility probabilty c,e,t
•Families’ attributes parameterization –
estrato
#families c,e,t (e=estrato)
•Families's attributes parameterization –
employment
#families with mobility probabilty c,e,p,t
(e=estrato, p=employment)
•Building and node inventory 
(resulting in t-1)
Location (optimization model)
•Residential location
# new residential buildings assigned k,e,l,u,t
# available “used” residential buildings 
assigned k,e,l,u,t
•Vacant building assignment
# vacant building assigned k,e,l,u,t
•Firms’ building assigned
# new firms’ building assigned s,c,v,u,t
Building and node inventory 
(resulting in t)
Observed 
attractiveness
Speculative 
attractiveness
Demand
Supply
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
e: estrato 
c: life cycle (families/firms) 
p: type of employment 
s: economy sector 
v: prices range for firms 
l: prices range for housing 
tn: node type 
u: UTA 
u': UTA 
br: neighborhood 
cm: comuna 
k: house type (area) 
mo: trip motive 
md: trip mode 
t: time step 
Scheme 12. Model specification and information chain structure. Variables scheme. 
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 # families c,t (c=life cycle)
Financing ranges l , v 
l → residential buildings 
v → firms buildings
Families's demography and life 
cycle
# families with mobility probabilty
c,e,p,t
Firm's demography and life cycle
# firm’s 
demanded 
building s,c,v,t
# firm’s demanded building s,c
GDP
Employment type parameterization.   
% employment p,e,t (p=employ)
Families's attributes 
parameterization
life cycle – estrato - employment
Financing 
parameterization
Demanding 
families 
estimation
(Logit)
Distribution indicator 
br,t
Connectivity indicator 
tn,br,t
Origin-destination matrix estimation
# demanded origin-destination
trips u-u’,e,mo,md
Accessibility 
indicator tn,br,t
Traffic assignment
# travels u-u’, Time travel u-u’
Residential and non-residential
market supply parameterization
Residential: k,e,cm,l
Firms: s,t,cm,v
Market sypply parameterization (logit)
# residential 
demanded
buildings e,l,t
Location # new residential building
assigned k,e,l,u,t
# available residential 
building assigned k,e,l,u,t
# vacant building assigned 
k,e,l,u,t
# new firm’s building
assigned s,c,v,u,t
Indicator system
Trip generation and 
distribution, modal 
split
# families with mobility probability 
c,e,t
City supply
parameterization
Observed 
Attractiveness
Speculative 
Attractiveness
Buildings demand formation
Building and nodal inventory
Nodal systems qualification
 
Scheme 13. Models specification and information chain structure. Sequence scheme 
(graphic). 
 
9 Baseline 
The baseline is defined as the first stage of the occupation distribution in the city and its 
definition required extensive information analysis and processing, involved in the 
development of the modeling design and sequence, and all the parametric approaches. 
All the information available as parameters is considered part of the baseline, some of 
them being the result of parametric approaches to the source information to produce 
probabilities or time series of economic trends. Most importantly, the baseline is configured 
by the initial distribution of the families and firms in the territory giving to each house and 
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 building, all the physic-spatial characteristics as well as the inhabitant attributes (based on 
information calibration). The information sources were multiple and varied, intended to give 
not only attributes of location and type, but also the socioeconomic characteristics and the 
consumption behavior, resulting in the challenging work of processing, calibrating, and 
validating census, cadastral and utilities register lists, survey samples, and available 
planning projects. One baseline that describes the socioeconomic-spatial layout of the 
Medellín Metropolitan Area was built. 
All the networked systems were gathered and processed to build consistent maps of all 
elements from several planning and mapping available initiatives, all of them for different 
purposes and therefore consisting of different attributes. For the project, the network 
attributes were defined and formulated for the platform processes and have been offered 
to the local authorities as complementary information. 
All parametric approaches to define the different models’ parameters are based on the 
information sources’ process, calibration and validation. 
Thus the baseline, located between 2005 and 2007, offers useful and novel information, 
not only about the current distribution of all activities but also about the different dynamics 
of and responses between processes and dimensions in the region. 
The baseline update is not an easy task as the sources are fragmentary, disperse and 
non-periodical. Nevertheless, the amount and “availability” of information in the region is 
interesting and there are many agencies working on different aspects of information 
issues. This information process undertaking, for which this research team is leading the 
field in Colombia, was partly motivated by this availability of information and the urgent 
requirement of work in the direction of strategic lines of information gathering in terms of 
addition of value and optimization of both resources and planning capabilities.  
Section 2.1.3 presented some critical elements on the information proposal and on the 
current planning vision. One main idea is to expand the information line of work from 
gathering only to processing and analysis through modeling approaches that lead to 
extraction of information about dynamics, preferences, behavior rules, etc., with the goal of 
exploring new lines of planning work and adding value to our knowledge of the city. 
The next chapter presents all results for the platform to support the analysis, including 
mapping and definition of the main baseline variables.  
Table 12 summarizes the main information sources used for all processing and parametric 
analysis in the research. 
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 Table 12. Source information general overview. 
National Census, 1993, 2005 (DANE). Regional and national Population Prospects 2006-2020. 
Antioquia statistical Yearbook 2005 (demography, economy indicators). 
Quality of Life Surveys for Metropolitan Area Municipalities 2005, 2006, 2007, Envigado 2007. 
Regional Annual Survey of Manufactures 1990-2004. 
Reports. Number of companies formed, reformed and dissolved for Medellín, Aburrá South and 
East by economic sector, 2002-2005; Sales surveys and financial balances 2007; Economy 
indicators (Superintendencia de Sociedades). 
Reports. GDP projection scenarios for the region and the metropolitan area, 2006 (ECSIM); 
Economy Indicator by sectors, 2006 (ACI, AMVA). 
Cadastral information (reports, digital cartography, databases). Medellín 2006; Bello 1998; Caldas 
& La Estrella, 2002; Barbosa, Copacabana, Girardota, 2003; Itagüí, 2005; Envigado, 2006; 
Sabaneta, 2007. 
POT—Land Use Master Plans and Policy--(reports, digital cartography): Girardota, Medellín, 
Sabaneta, La Estrella, 2006-2007; Barbosa, Copacabana, Bello, Itagüí, Caldas, 2007; Envigado, 
2008. 
DMOT—Metropolitan Guidelines for Land Use Policy--(reports, digital cartography), 2006 (AMVA). 
Regional environmental zoning plan, POMCA, 2006 (AMVA). 
Metropolitan Public and Green Space Master Plan, 2006 (AMVA). 
Public space and facilities master plans: Medellín, Girardota, 2006; Barbosa, 2007 (AMVA). 
Metropolitan structuring systems cartography and documentation: Facilities 2005-2007, Transport 
network 2006, Transport network master plan 2005-2025, special infrastructure 2007 (Utilities). 
Transport Origin-Destination Survey 2006 (AMVA). 
Housing Market Trade Indicators. Surveys and monthly magazines, Medellín, 2007. Other regions 
of Antioquia (samples) 2007. 
Metropolitan new housing projects database 2007. 
Circuits polygons cartography for drinking water, electricity, Natural Gas and Sewage management 
2007 (EPM). 
Time series electricity and natural gas, consumption (kWh), installations, clients, 2003- 2007 
(EPM). 
Time series drinking water, consumption (m3/s), installations, clients, 1995-2004, 2007 (EPM). 
Industrial cartography, electricity consumption 2004-2005; 2006-2007 (EPM). 
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 3.3 Platform Building 
The platform is an integrated software development designed to integrate the different 
modeling platforms according to the approaches and solver’s specifications, and to offer 
the resulting information in a flexible and yet systematic way for indicator estimation and 
general interaction with the analysts.  
In terms of the modeling specification, the large number of information management 
requirements derived from the scenario analysis and the expected analysts’ technological 
capabilities defined some of the most important features of the platform. 
It is based in a generic purpose language (JAVA), which interacts with the modeling 
platforms (GAMS® and Vensim®) through different command strategies and that also 
supports the interaction with database management systems, DBMS (ORACLE®).
 
The Java library that is used (Jakarta 
Common Chain) controls and 
coordinates the sequencing of the 
model’s execution. It is based in a 
generic purpose language (JAVA) that 
interacts with the modeling platforms 
(GAMS® and Vensim®) through 
different command strategies and that 
also supports the interaction with 
database management systems, DBMS 
(ORACLE®). 
DBMS
Model interaction application
Indicator
system
GIS
Command
strategies
Vensim models
GAMS models
Model
Coordinator
Model ManagerGeneral Interface
Application for 
analyst interaction
Analysis and display
applications
 
Scheme 14. Platform modular components, 
LAD-T. 
The DBMS allows a data integration strategy where all applications can write and read 
information in the same repository, giving autonomy to each model application to be 
executed (even out of the sequence temporal chain if the required data is available in the 
database). An application for analyst’s interaction—the indicator system that directly 
interacts with the DBMS—was designed and implemented using features of various 
specialized mapping and graphic libraries (mapwindow, zedgraph, ado.net). It allows the 
spatial and relational information display and the indicator estimation analysis between 
baseline information, scenarios results, and even external databases.  
JAVA is a free license and open source platform, which is an important feature for the 
acquiring and implementation different planning and decision making institutional 
platforms. The licensed softwares GAMS® and Vensim® are both required because of the 
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 complexity and large definition of the modeling problems needing to be solved. ORACLE®, 
also a licensed software, is a powerful DBMS widely used in all regional institutions. 
A client-server architecture was implemented to centralize the database and the processes 
in the server, preserving the integrity of the information, and decentralizing the indicator 
system for information analysis and indicator estimation in the analysts’ computers. A web 
application controls the client-server interaction and model’s concurrency. 
Scheme 15 shows a flow diagram of information interaction in the platform. The DBMS, 
central database, systematizes all the baseline information, the input data (base data), and 
the results of each model and scenario. It manages the scenario information and 
coordinates the parametric analysis and data transformation from one model to another. 
Parametric analysis includes not only the information cross feedback, but the coordination 
of the indicator system where different analyses, reviews and combined indicators can be 
estimated using the database information.  
Modeling Platform
General source information
Primary and secondary source 
information
Base Information
Baseline parameters (t=0)
Baseline scenario parameters
General parameter 
sequences for derived 
parameters’ estimation(t=T)
Indicator System
Population, economy, demand
formation, land use normative, 
observed and especulative
attractiveness, utilities expansion, 
location, mobility
Scenario indicators (detailed, 
global)
Scenario comparison indicators 
(detailed, global)
General analysis indicators
 
Scheme 15. Information database flow diagram.  
 
The baseline data and parameters, as well as the model’s results, are organized and 
systematized in the database to perform all required parametric information analysis to 
feed models and parametric analysis to estimate combined prospective indicators leading 
to the understanding and assessment of different processes. The platform stores some 
general source information useful for indicator estimation and allows the linking of different 
data sources in order to combine platform results. This information management design 
dealt with all the interactive work required for an effective learning process; the availability 
and usability of information as well as the accessibility to and combinability with other 
information facilitates an appropriation process and allows effective information 
management for discussion as described in the information chain conceptualization. 
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 The documentation is available in pdf format as a part of the technical reports supporting 
the project (Restrepo, Zapata et al., 2009a, b, c; Zapata, Restrepo et al., 2009). 
The platform documentation, available in pdf format (Spanish), includes twenty-six documents regarding five 
different aspects of the platform implementation and the supporting research work: 
• Formulation: includes the general formulation of the modeling sequences and the formulation of each one of 
the model developments with the supporting literature analysis, the assumptions and hypotheses, and the 
calibration/validation, if pertinent. It includes the scenario general analysis reports and the indicator system 
formulation and definition. 
• Baseline: includes the documentation for the parametric approaches and the analysis to estimate the 
baseline condition for the different lines of analysis. 
• Information includes the reports of gathering, analysis, processing and systematization of information, and the 
geo-database documentation. 
• Discussion: includes the documentation of the discussion process with actors, for the city and planning 
paradigm analysis and the planning agent’s differences and synergies analysis. 
• Systematization: includes the documentation of the software architecture, the modeling coordination and the 
user manuals. 
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4 MEDELLÍN METROPOLITAN AREA, CASE STUDY.  
SCENARIO RESULTS AND DISCUSSION 
As proposed in the added value chain concept, the case study analysis has been a part of 
the platform design itself. The available information, its process and contribution, and also 
the calibration and discussion of scenario results, have offered elements to the modeling 
specification design and the general platform implementation. 
In this chapter, some results are presented and discussed to show the potential of the 
platform modeling approach, designed in this dissertation under the conceptual elements 
presented in Chapter 1 to 3 and to be discussed in Chapter 5.  
For the discussion, a scenario refers to a model execution for the planning horizon (fifteen 
years), involving all the modeling sequences for each period.  
The platform, understood as a narrator of the city, is composed by a territory charged with 
physic-spatial attributes; social actors that make decisions according to a set of 
preferences and transaction strategies between social actors and the territory (see 
Scheme 16). Thus, a scenario definition is composed of an occupation baseline (T0), the 
mathematical functions and rules that guide the transaction and agent’s decision-making, 
and the parameters that set the territory’s attributes (interventions). All distribution patterns 
are scenario results and can illustrate the probable emergent properties of the progressive 
interaction between the actors in the territory. 
 
Scheme 16. Elements interacting by scenario. 
 
The baseline scenario refers to a BAU scenario (Business As Usual), where all the 
modeled “interventions” (land use policy—buildability indexes, land use constraints—and 
infrastructure expansion plans—for public space, transport networks, facilities, and utilities) 
included in the platform as parameters correspond to those proposed in the different local 
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 and regional master plans (see Chapter 1). Some alternative scenarios, configured by 
changes during some of the previously mentioned interventions, are compared to show 
probable induced differences in the occupation patterns in the planning horizon.  
The first part of the chapter, summarized in Box 2, presents a brief description of the 
Indicator Systems, used to produce figures, tables, and a general description of Medellín 
Metropolitan Area regarding its vocation and planning challenges.  
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Box 2 
Indicator System 
The Indicator system is a feature integrated into the platform for information display, management 
and operation. It is linked to the platform’s central database, allowing the access to all parameters 
and variable results of the models (MT and MSP module) as well as importation of external 
databases (MEEE module, among others). 
The system operates to estimate all the parametric sequences required for information interchange 
between models at each modeling step and it can produce as many combined indicators as the 
analyst requires, at the appropriate time and spatial scale, from the results of the different models.  
  
Figure 6. Indicator system interfase. Platform LAD-T. 
The system offers all the background 
data (cartographic and relational) for 
the region and allows the platform to 
function as a versatile information 
manager, which is very useful when 
working with the huge amount of 
information that a prospective 
approach offers, without 
compromising the central databases 
of the institutions. 
All scenario results shown in this 
chapter were obtained through the 
Indicator system of the platform. 
 
 
Medellín Metropolitan Area Context 
Medellín, the second largest Colombian city, is conurbated 
with nine neighbor municipalities, configuring the “Aburrá 
Valley Metropolitan Area”. For description purposes, the 
document has been referring the application case as the 
Medellín Metropolitan Area, as Medellín is one of the most 
important (non-country capital) cities in Latin America. 
 
 
Figure 7. Medellín Metropolitan Area geographic localization. 
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Box 2 
 
Figure 8. Medellín Metropolitan Area elevation views (google earth images). 
 
The special topography of the valley defines many of the land restrictions for the region. It is located 
in the Colombian western cordillera, in a narrow valley with elevation ranges between 1.400 to 
2.800m that create the Aburrá or Medellín river watershed (see Figure 7 and Figure 8). The river 
goes from south to north in a dense hydrographic tributaries network, resulting in many protection 
areas and different hazard levels for the land use. The valley’s landscape and the meteorological 
dynamic of inversion lead to pollution exposition intensification and to significant air quality issues 
with externalities on human health (Universidad Nacional de Colombia, Área Metropolitana del Valle 
de Aburrá et al., 2007). In terms of densification processes, these conditions define priorities in 
terms of vulnerability and risk mitigation planning, to properly project more sustainable urbanization 
patterns. 
The ten municipalities—(south to north) Caldas, Sabaneta, La Estrella, Itagüí, Envigado, Medellín, 
Bello, Copacabana, Girardota, Barbosa—(the demographic data of which is shown in Table 13 and 
Figure 10) have an estimated combined population for 2007 of approximately 3,445,916 (Área 
Metropolitana del Valle de Aburrá, 2005b; Municipio de Envigado, 2007; Municipio de Medellín, 
2005, 2006) (censed population for 2005, 3.306.490 (DANE, 2005)) and is expected to increase by 
one million more by 2020 (see Figure 9). The observed urbanization rates, over 2,7% (see Table 
15), propose real challenges to the municipal and regional planning in order to achieve more 
sustainable land occupation and consumption patterns as well as growth development for the 
economic sectors, including energy, and all dimensions of human and societal development 
(education, health, gender equality, governance, etc). 
Within Colombia, Medellín Metropolitan Area represents 59,4% of the Antioquia department’s 
population and nearly 8% (2005) of the country’s population (see Table 13 and Table 15).  
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Within Latin America, Colombia is the third most populated country with approximately 42.8 million 
(DANE, 2005). Five urban agglomerations exceed population over one million. Medellín 
Metropolitan Area is the 10th most populated of the non-country capitals and out of a total of sixty-
four urban agglomerations with over one million inhabitants (see Table 16).  
Box 2 
Table 13. Medellín Metropolitan Area municipalitiy 
populations. Estimated from “Quality of life surveys” 
(Envigado 2007- Others 2005). 
Municipality 
Urban population / 
Percentage of 
municipality 
population 
Rural 
population / 
Percentage of 
municipality 
population 
Percentage 
of Medellín 
metropolitan 
area 
population 
Barbosa 20.177 / (43%) 26.781 / (57%) 1.4% 
Bello 345.838 / (97%) 10.571 / (3%) 10.3% 
Caldas 54.393 / (83.5%) 10.718 / (16.5%) 1.9% 
Copacabana 52.966 / (76.2%) 16.519 / (23.8%) 2.0% 
Envigado 128.335 / (74.3%) 44.317 / (25.7%) 5.0% 
Girardota 22.914 / (53.4%) 19.993 / (46.6%) 1.2% 
Itagüí 218.900 / (93.1%) 16.266 / (6.9%) 6.8% 
La Estrella 29.617 / (56.7%) 22.647 / (43.3%) 1.5% 
Medellín 2.238.834 / (94.8%) 122.767 / (5.2%) 68.5% 
Sabaneta 36.204 / (83.5%) 7.158 / (16.5%) 1.3% 
Total 
population 3.148.178 / (91.4%) 297.738 / (8.6%) 100.0% 
Total Medellín Metropolitan Area population                               3,445,916 
Total Antioquia Population                                                          5.801.205 
 
 
Estimated from “Quality of life surveys” (Envigado 2007- Others 2005) 
Figure 9. Projected minimum and maximum population 
trends for Medellín Metropolitan Area, 2005-2020.  
 
Table 14. Medellín Metropolitan Area 
municipality land and population distribution 
(2005). 
Land class Surface Population
Urban 340 km2 (30%) 94%
Rural 812 km2 (70%) 6%
Total 1.152 km2  
 
Figure 10. Medellín Metropolitan Area politic-
administrative division and population 
indicators. 
 
 
Table 15. Indicators for Colombia’s urban agglomerations with 750,000 inhabitants or more in 2009. 
City 
Population of urban 
agglomerations 
(thousands) 
Average annual rate 
of change of urban 
agglomerations 
(2005-2010) 
% of the Colombian 
urban population 
residing in each 
urban 
agglomeration 
% of the Colombian 
total population 
residing in each 
urban 
agglomeration 
Bogotá 7.353 2.9 23.2 17.1 
Medellín 3.127 2.78 9.9 7.3 
Cali 2.164 2.08 6.8 5 
Barranquilla 1.719 1.65 5.4 4 
Bucaramanga 964 2.49 3 2.2 
Cartagena 842 2.66 2.7 2 
Cúcuta 700 2.03 2.2 1.6 
 
Table 16. Latin American urban agglomerations with populations over one million inhabitants.  
Source World Urbanization Prospects: The 2009 Revision Population Database, United Nations. 
# Urban agglomeration Population (United Nation) Info source # Urban agglomeration 
Population 
(United Nation) Info source 
10 Guadalajara (México) 4.402.000 Conteo 2005 16 Fortaleza (Brasil) 3.719.000 Est IGBE 2008 
11 Porto Alegre (Brasil) 4.092.000 Censo IBGE 2010 17 Medellín (Colombia) 3.594.000 Est DANE 30-06-2009 
12 Salvador de Bahía (Brasil) 3.918.000 Est IGBE 2008 18 Curitiba (Brasil) 3.462.000 Est IGBE 2008 
13 Monterrey (México) 3.896.000 Conteo 2005 19 Santo Domingo (Rep. Dominicana) 2.987.013 Censo 2002 
14 Recife (Brasil) 3.871.000 Est IGBE 2008 20 Campinas (Brasil) 2.818.000 Est IGBE 2008 
15 Brasilia (Brasil) 3.789.000 Est IGBE 2009 24 Cali (Colombia) 2.401.000 Est DANE 30-06-2009 
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Box 2 
To describe the economic framework of the region, and based on the Social Accounting Matrix 
(SAM) developed within the research project framework, for the 2005 baseline of the region 
(Cadena, Benavides et al., 2009b), some global aspects are highlighted below. 
The metropolitan area production is mostly based on manufacturing and service activities with 
participation shares of 41.99% and 46.19% respectively. Internal consumption is also based on 
these activities (68.9% of total demands).  
The interaction with the rest of the world (imports/exports) is low. The import/export activities 
represent 9,95% of the total production value, which indicates an important degree of sufficiency. 
The participation share of exports on the regional demand composition is close to 7.09%. The main 
exporting sector is manufacturing activities such as textile fabrics, transport equipment and 
chemicals; followed by the mining sector, including gold, silver, jewelry. 
The investment is mostly focused on service activities (65.27%), especially construction and 
infrastructure development, followed by industrial activities (32.34%) led by the steel and heavy 
manufacturing activities. 
The governmental consumption (9,47% of total demand) is mostly focused on public management 
activities (77,15%), followed by public education and health (11.29% and 10.62%). 
A multipliers exercise was performed to explore the effects of external shocks on the case study’s 
economy. Two main effects were studied, the absorption and the diffusion effect. The absorption 
effect offers information about the effects on the different accounting lines of the matrix resulting 
from an external injection over the economy. The complementary diffusion effect gives information 
about the effect on the economy resulting from an injection to only one accounting line. The first 
effect is useful to review the sectors that harness the most important cash influxes, and the second 
effect allows for identification of the strategic sectors that propel the economy (Cadena, Benavides 
et al., 2009b).  
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Advancing into the results and conclusions according to the research project documentation, the 
activities food, beverages and tobacco industry; steel, heavy and light manufacturing and, personal 
and business services, represent the sectors where both absorption and diffusion effects are 
greater. This means that the productive economic composition of the region (services and 
manufacturing) tends to be preserved even when subject to external shocks. 
  
4.1 Business As Usual, BAU, Scenario 
The scenario discussion is focused on selected main results regarding resulting 
occupation patterns (families’ distribution and built area) and the link with public 
interventions (nodal systems configuration and land policy) through the evolution of 
attractiveness factors. 
The initial period, T0 (2005) and the proposed scenario interventions are presented in the 
discussion to illustrate the initial state of information and the related baseline analysis and 
parameterization, and also to include elements about the current planning developments 
and some of the proposed short and medium-term projects for the region. 
 
 
Figure 11. Housing density sequence for periods T0, T4, T7 
and T13. 
 Density Indicator 
Figure 11 shows the sequence 
of density indicators obtained 
for the modeling periods T4, T7 
and T13 and in comparison to 
the baseline period T0. The 
indicator is estimated from the 
location model results (with 
demolition consideration) and 
summarizes the modeling 
sequence execution through 
the ultimate variables: 
residential buildings located by 
UTA and the consolidated 
building inventory.  
The densification process 
towards the valley center is a 
reinforced process guided by 
the land use policy (see Figure 
1, left), which privileges the 
development of higher densities 
in those areas since they are 
the best served by structuring 
systems, especially, by the 
transport network.  
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 As discussed before, the “must be” density plan (land use policy, Figure 1, left) is already 
exceeded for T0 in large areas (northwest and northeast of Medellín municipality) where 
the slopes, types of buildings and higher densities, produce high vulnerabilities for the 
population. The research results showed no expulsion processes that can justify or 
support the “desired” rearrangement of densities and instead, showed a constant pressure 
on these zones, constrained by the land use policy indexes.  
 
9 Predominant Estrato Indicator 
The estrato composition of the families/houses is one of the main variables offered by the 
approach. The predominant estrato composition is an indicator (derived from the 
distribution indicator for UTA system), which shows the estrato with the major percentage 
share in each UTA. The results show a preservation of the global predominant estrato, 
estrato 3, for the horizon, consistent with the expected socioeconomic trends for the short 
and medium-term for the region. What is interesting to analyze is the change within UTA 
and neighborhoods, where the indicator gives evidence of attraction/expulsion dynamics 
for families and can show important changes in the composition of certain sectors. Figure 
12 (top right) shows, for periods T0 and T12, the indicator thematic map with some 
highlighted UTAs where the predominant estrato changed. For these, the time series for 
the estrato composition indicator are presented in the bottom of the figure. 
 
  
  
Figure 12. Predominant estrato by UTA indicator. Modeling periods T0, T4, T12. 
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 One of the patterns revealed by the regional baseline information is that each 
neighborhood is predominantly composed of one estrato and its immediate consecutives 
(higher and lower) with low participation by the other estratos. Thus, the location model 
includes a function that represents this “sociocultural” preference of families, where the 
search dominion includes only the UTA with the predominant estrato of the family or their 
immediate neighbors. This function allows the predominant estrato to change along the 
horizon with plausible transitions over time.  
Figure 13 shows the resulting estrato composition of the highlighted UTA (Figure 12) for 
periods T0 and T12, displaying interesting cases such as MTV02, MTG55, MTG50 and 
MTG51 where some estratos increased their participation. In the case of MTV04 and 
MTF05, a recomposition of the estrato participation is exhibited. 
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20.1%
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0.7%
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93.6%
4.6%
0.5%
 
MTF05, t12
21.7%
68.2%
7.2%
2.9%
 
MTG50, t12
36.5%
35.1%
28.0%
0.5%
 
MTG51, t12
3.1%
69.2%
27.0%
0.6%
0.1%
  
Figure 13. Estrato composition for selected UTA. Periods T0 vs. T12. 
 
Figure 35, Figure 36 and Figure 37 
(appearing later in the text) show the 
baseline configuration of estratos and other 
socioeconomic attributes of families.  
Figure 14 shows the predominant estrato 
indicator by neighborhood for modeling 
period T7. 
 
Figure 14. 
Predominant 
estrato and 
share 
participation, 
by 
neighborhood 
for modeling 
period T7.
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 The evolution of density and estrato composition patterns offers useful information to 
support urbanization planning in all dimensions, from expansion lines to infrastructure and 
facility coverage, since information is offered about urbanization trends and related 
socioeconomic composition, thereby providing human related indicators to support 
planning projects for the region. It summarizes physic-spatial and social information 
offering a probable future vision of the occupation, which is especially pertinent when 
reviewing the effects of the proposed scenario (interventions) against the expected one. 
The evolution offers externality measurement and guides the understanding of the 
probable emergent properties from the interventions.  
The platform offers several complementary results to both support the scenario analysis 
and understand the platform dynamics. Among the vast amount of information produced, 
selected indicators are presented below with a brief description of the urban performance 
under the scenario. 
 
9 Residential Location Indicators 
The location model that solves the housing allocation is fed by all modeling sequences to 
define the probable occupation patterns guided by social actors’ preferences and the city 
supply parameters and restrictions. 
Figure 15 shows the time series of the total housing inventory results within the region (it is 
possible to obtain a detailed inventory description by UTA complete with all houses’ 
attributes).
The bars refer to total buildings 
(green), occupied buildings (blue) 
and new buildings (red) in each 
period. These series represent all 
aggregated development, 
constrained in each UTA to the 
policy indexes and subject to the 
maximization function. 
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Figure 15. BAU scenario resulting series for housing 
inventory indicators for Medellín Metropolitan Area. 
 
9 Built Area Indicators 
From the physic-spatial point of view, the location reviews the past inventory (T-1) and the 
buildability indexes for each UTA in order to define a potential area for new developments 
(see comments, page 117). Figure 16 shows the built area progression (T0, T7, T13) for a 
section located in the south part of the region, where it is possible to see an important 
increase, especially for the marked area, where one of the regional strategic projects is 
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 applied. Figure 17 shows the corresponding potential building area (T7, T13) or volumetric 
available area for period T+1, estimated as the difference between the resulting built area 
(T) and the maximum permitted one (policy index). The figure shows a progressive 
decrease of the potential area and some saturation indicators towards the Medellín central 
zone. It is important to remark at this point that the buildability index, maximum density, 
maximum number of stories, and maximum occupied base area are estimated. The most 
restrictive one defines the potential building area indicator. 
 
 
Figure 16. Built area indicator by UTA. Modeling periods T0, T7, T13. 
 
 
 
Figure 17. Potential building area indicator by UTA. Modeling periods T7, T13. 
 
 
The policy indexes are expressed as 
functions of the UTA properties as a 
total and net area (without public area), 
base area (function of net area affected 
by the policy index of base occupation 
constraint—max 80%), and the indexes 
of maximum stories and maximum 
building area. There is a set of indexes 
defined for each treatment type.  
 
Figure 18. UTA subdivision classified by treatment 
type. 
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Figure 19. BAU scenario resulting series for housing inventory indicators 
of 4 UTAS. 
 
Figure 19 shows the resulting housing inventory time 
series in four UTAs of Medellín city. According to the 
residential probability analysis, these UTAs are part of very 
active neighborhoods, shown in Figure 20, for residential 
mobility destination. 
For the platform, the mobility probability—calibrated from 
the quality of life survey (source for Figure 20)—is 
estimated as a function of the estrato based on the 
decision to move. It is not related to each destination 
neighborhood, which prevents the methodology from 
replicating the distribution pattern each period, and instead, 
the platform is designed to capture preferences for the 
destination through the analysis completed with the 
Observed Attractiveness Factor. 
 
source: quality of life surveys 2005, 
2007 
Figure 20. Mobility patterns 
by neighborhoods for 1 year 
dwelling period. 
It is interesting to review from the results for the behavior of these neighborhoods in terms 
of location. Figure 19 shows high occupation indicators (no vacancies), which means that 
the analyzed UTA are constantly pressured by families. The inventory of new buildings for 
each period shows the building activity for new locations, which for the UTA MTG48 is 
higher because of its bigger potential building area. These UTAs show no changes of 
predominant estrato over time, indicating a constant pressure on location and a low 
expulsion dynamic. The predominant estratos for these UTAs are as follows: MTG56, 
estrato 3; MTH15, estrato 2; MTF08, estrato 5; MTG52, estrato 3. 
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 9 Nodal System Indicators 
The attractiveness factors, observed and speculative, also influence decision-making by 
defining the UTA dominions suitable for each social agent (families by estrato / firms by 
sector and size). These factors are based on the nodal system configuration and 
parameterization. 
Figure 21. Transport network BAU 
scenario configuration. Projects 
entrances defined for T0, T4 and T13. 
The BAU scenario configuration of the nodal 
systems is shown from Figure 21 to Figure 25. 
The transport network, public space, and 
facility configuration information is defined for 
the scenario horizon including the expansion 
periods (see Figure 21: Transport network; 
Figure 22: Public space, Figure 23: Facilities). 
For the transport network, all projects 
proposed in the transport mobility master plan, 
for both RS and RM, are included in the 
horizon for periods T4, T7 and T13 as shown 
in Figure 21 (bottom). For public space, all 
projects defined by the local POT are 
including for period T7, a period in which a 
governmental period will be fulfilled (2012). 
For the facilities system, no further expansion 
projects are included (Figure 23).
 
Figure 22. Public space BAU scenario 
configuration. Projects entrances for T0 
and T4. 
Figure 23. Facilities 
BAU scenario 
configuration. T0. 
 
The baseline distribution of houses and firms are shown in Figure 24 and Figure 25 
respectively, left side. To the right, the resulting endogenous distribution (location model) 
shows the consolidated number of houses by UTA for the housing system, and the 
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 number of new firms by UTA for firms within the period (non-accumulative). The location 
results define the configuration of the housing and firms’ nodal system for the following 
periods and are subject to the qualifying indicators.  
  
Figure 24. Number of houses by UTA indicator. Right: baseline distribution. Left: resulting 
inventory indicator for periods T4, T7 and T13. 
  
Figure 25. Number of firms/agglomerations indicator by economy sector and size. Right: 
Baseline distribution of agglomeration; Left: Resulting located firms per UTA for periods T7 and 
T13 (figure without baseline).  
 
• Distribution Indicator 
Figure 26 presents the estimated distribution indicator for two periods in each nodal 
system—public space, facilities and firms. For the housing (or UTA) system, the 
distribution indicator gives the previously shown resulting predominant estrato.  
For firms and public space, the indicator shows important changes in different parts of the 
city, related to the expansion plans included in period T7 for public space, and period by 
period for firms. The changes for facilities are not representative since there’s no change 
in the physic-spatial layout, and the indicator is mainly a measurement of the amount and 
importance of coverage of the system elements. 
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 Figure 26. Distribution indicator by neighborhood 
for nodal systems. Top left: Public space, T0 vs. 
T8; Top  right Facilities, T0 vs. T9; bottom: Firms, 
T4 vs. T12. 
 
• Connectivity Indicator 
Figure 27 presents the sequence of analysis for the estimated connectivity indicator in the 
agglomeration/firms nodal system. Every period, each node (in this case, firms) is 
evaluated and, as shown in the figure, the number of good connections is increasing 
because of the entrance of new transport projects. Especially in this nodal system, the 
connectivity indicator is highly important to establishing the attractiveness factor for the 
location of new firms. 
 
Figure 27. 
Connectivity 
indicator for 
agglomeration 
nodal system. 
Analyzed 
periods T0, T4, 
T7 and T13. 
 
• Accessibility Indicator 
Figure 28 shows the accessibility estimated indicator for periods T4, T7 and T13, periods 
in which the entrance of expansion projects is set in the system. The scale, ranging 
between 0 and 10, defines the lower values referring to the worst performances (longer 
times) and the higher with the best ones (equal or lower than the tolerable thresholds).  
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Figure 28. Accessibility indicator for periods T0, T7 and T13 and travel motive. From left to 
right work, study, health, shopping, others.  
 
The polygons in the maps are regions in which the spatial scale of the assignment traffic 
model was subdivided in order to run a sub-regional algorithm and save computational 
costs. The algorithm solves the intra-zonal trip demand (using parallel solvers) and then 
feeds parameters into the algorithm for the inter-zonal trip demand. This means that the 
demands are solved with detail within the zones, but the results of the algorithm are set in 
the spatial scale of the inter-zonal solution, the regions. 
For each modeling period and motive, the indicator shows the changes to the average 
time it takes to arrive at the nodes within the zones. For each motive, the tolerance 
thresholds are different, so for the same travel time, the indicator will change by motive. 
Over time, the general behavior of the indicator can be linked not only with the new 
projects on the network but also with the densification processes that drive the transport 
demands. The resulting average travel times on which the indicator is based, are listed in 
Table 17, showing small changes to the times for public transport modes in the regions of 
Medellín linked to the new Metroplús and Metro projects (RM)—Bello, Itagüí and 
Envigado. For the north and south regions, travel times are constantly high due to a less 
dense transport network and important demand flows. 
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 Table 17. Average travel times by region estimated for periods T1, T4, T7 and T13. 
Average time, public collective 
modes (min) Average time, other modes (min) subregion 
T1 T4 T7 T13 T1 T4 T7 T13 
Medellín East central 42,9 34,3 35,6 38,0 43,3 36,4 37,5 39,5 
Medellín West central 39,3 33,8 34,3 34,3 38,3 33,6 34,1 35,1 
Medellín Northeast  65,8 35,5 35,7 37,4 48,2 34,4 35,4 35,2 
Medellín Northwest  46,5 39,5 40,1 38,5 42,0 35,5 36,1 37,2 
Medellín Southeast  37,1 31,8 33,6 39,6 37,8 33,3 34,5 37,0 
Medellín Southwest  28,5 33,3 34,6 38,3 41,6 37,3 38,0 40,1 
Bello 63,0 46,8 49,7 60,5 43,2 42,0 46,2 47,3 
Itagüí 39,0 34,7 35,5 40,2 40,6 38,0 41,0 44,1 
Envigado 38,2 30,5 32,4 35,6 37,8 30,9 31,6 33,2 
South: Sabaneta, La Estrella, Caldas 43,2 38,0 40,1 46,3 43,5 39,6 40,3 43,3 
North: Barbosa, Girardota, Copacabana 196,4 156,8 162,1 170,8 187,7 165,1 165,5 174,3 
 
The sequence shown in Figure 29 presents a thematic comparison of density indicator 
(background) and saturation (over the network) for periods T4, T7 and T13. As observed, 
the densification process toward the valley center (see Figure 11) defines an important 
increase of trip demands and therefore on the usage of transport networks. The new 
proposed projects focused on the collective public transport have been proven to maintain 
a similar average time for central zones, but still exhibit an increase of times and 
congestion externalities. It is important to contrast this with other scenarios in which social 
actors are more prone or adverse to use public transportation, in order to obtain further 
results and support the public transport related projects, a very relevant controversy for the 
region.  
 
Figure 29. Estimated indicators of housing density (background) and transport network 
saturation (over the network) for periods T4, T7 and T13. 
 
Figure 30 shows the estimated attractiveness indicators for families and firms for the T4, 
T7 and T13 periods. The mapped results represent the attractiveness function values, 
AOR (families) and AOE (firms), built from the distribution, connectivity and accessibility 
indicators. Complementing these results, a logic set of rules is estimated to define the 
domain set of UTA, suitable for each social actor (families by estrato and firms by sector 
and size) under the selected indicator value constraint defined through exploratory 
analysis (see Figure 32 and Figure 31). 
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 9 Observed Attractiveness Factor 
 
 
Figure 30. Observed attractiveness function values, for families (top) 
and firms (bottom), estimated for periods T4, T7 and T13. 
 
 
As presented in the modeling specification 
chapter, the three indicator categories—
distribution, connectivity and accessibility—
result in a set of multiple indicators 
depending on the scope, scale and node 
type. For distribution, the indicator is 
estimated per zone (UTA, neighborhood, 
comuna, municipality) and nodal system, 
resulting in sixteen combinations. For 
connectivity, the indicator is indexed by 
node type and nodal system, offering for 
each node a result and the possibility of 
spatial aggregation. For accessibility, the 
indicator is indexed by node type and 
motive, offering seven combinations and 
results by node and the possibility of spatial 
aggregation.
 
Table 18. Nodal system indicators 
configuring the Observed Attractiveness 
Factors and the dominion sets.  
combinati
on AOR e1 e2 e3 e4 e5 e6 AOE tn 
Distribution 
D-EQ X >0 >0 >0 >0   X  
D-EP X    >0 >0 >0   
D-AG        X  
Accesibility 
A-TR X       X  
A-ES X >0 >0 >0 >0 >0 >0   
A-SA          
A-CO X    >0 >0 >0 X  
A-RE          
A-RG X    >0 >0    
A-OT        X  
Connectivity 
C-EQ-E1 X         
C-EQ-E2 X         
C-EQ-S1 X         
C-EQ-S2 X         
C-EQ-TS X    >0 >0 >0 X >0 
C-EQ-TT        X  
C-AG-G        X  
C-AG-M        X  
C-AG-P        X  
C-AG-2          
C-AG-3          
C-EP-EF X         
C-EP-NF          
C-EQ-C X    >0 >0 >0 X >0 
C-EQ-R          
C-EQ-R1          
C-EQ-R2          
 
Resulting from the exploratory analysis of families’ and firms’ preferences regarding the 
qualified city (all indicators by neighborhood), a subset of indicators was defined as the 
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 most descriptive of actors’ preferences (shaded cells in Table 18). The linear combination 
of these defines the Observed Attractiveness Factors AOR and AOE by period, and the 
domain set is estimated as the actor’s minimum requirements (>0) for the indicators 
(columns e1 to e6 and tn, shaded indicators, Table 18). 
 
Figure 31. Set of UTA that fulfills different 
indicator preferences for families of estrato 1 to 
6. 
Figure 32. Set of UTA 
that fulfills different 
indicator preferences for 
firms. 
 
9 Speculative Attractiveness Factor 
The Speculative Attractiveness Factor seeks to define the 
set of feasible offered products by price range, 
neighborhood, and UTA, based on the analyzed market 
prices and products (see Figure 33), and the financing 
capability ranges studied for families. As a result, for each 
UTA (derived from neighborhoods), a set of feasible 
prices is defined, referring to feasible products that can 
fulfill the developer’s minimum expected profit linked with 
probable demands.  
 
Figure 33. Baseline database 
for residential properties on the 
regional market..
Figure 34 shows the minimum and maximum ranges of price for the housing supply (left) 
and for commercial and industrial properties (right).  
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 For the housing supply, it is possible to identify large areas where the minimum price is 
higher than the minimum affordable price (L1) for estratos 1 and 2 and therefore, for social 
housing. 
  
Figure 34. Minimum and maximum feasible property products for residential and 
commercial/industrial markets. 
 
In summary, the supply parameterization modeling sequence feeds the location model 
with information on indicator values and social actor’s preference suitability (OAF) along 
with available price ranges (SAF), so as to define search domains for each demanding 
individual. The model also reviews the building inventory and the land use attributes for all 
UTA and compares them with the limits and constraints according to the policy, thereby 
defining the available potential space for development and/or the available buildings for 
allocation. 
 
9 Demand Side Indicators 
The demand side offers several results related to important dynamics of the population 
(families and firms) such as the evolution of their composition over time (life cycle) and the 
changes to the property demand characteristics under different socioeconomic scenarios.  
For the initial period, and according to the source and base information, the complete 
distribution of families with their attributes of life cycle, estrato, and type of employment 
were calibrated using different exploratory and spatially based statistical methodologies 
along with different information sources (Rave, Garzón et al., 2009b).  
Figure 35, Figure 36 and Figure 37, show the estimated initial family distribution by 
neighborhood for life cycle, type of employment, and estrato, respectively. This first result, 
the initial distribution calibration, represents novel and interesting information for planning 
support initiatives and defines a baseline for understanding the current distribution and 
dynamics of the population in these cities. 
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Figure 35. Families by life cycle and neighborhood. Life cycles formation (C1), growth (C2), 
consolidation (C3) and dissolution (C4). 
 
Figure 36. Families by type of employment and neighborhood. Type of employment good (P1), bad 
(P2), unemployed (P3). 
 
Figure 37. Families by estrato and neighborhood. Type of employment good (P1), bad (P2), 
unemployed (P3). 
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 This estimation of actor distribution, indexed by all spatial and socioeconomic attributes, 
allows the estimation of many of the model’s parameters and the study of dynamics 
(preferences) as well as the calibration of different baseline consumption patterns. For 
instance, utility services consumption (drinking water, electricity, etc. –joint model MSP; 
trip demands, etc.). Figure 38 shows some mixed indicators of the baseline distribution of 
families. 
 
Figure 38. Initial distribution of families in the territory. Mixed indicators. Number of families by 
neighborhood (left), number of families and estrato distribution (top right), number of families 
and type of employment distribution (bottom right). 
 
9 Demand vs. Allocation Indicators 
The building demand formation, described in the demand side of the platform, defines for 
social actors with mobility probability (effective demand), the average demanded 
characteristics for a building (price range, estrato, area in the housing case); demands that 
will be enriched with the neighborhood’s preferred characteristics through the 
attractiveness factor sequence (logic rules). 
Linked with the location model results, it is possible to follow the allocation dynamics as 
well as the evolution of the demand itself by attributes. Figure 39 shows a sequence of 
results for the assigned and non assigned demand by the location model (bars) vs. the 
estimated demand (demand formation sequence) and the corrected demand with the 
demolition generated demand (period t-1). 
Starting in period T8, the results shows non assigned demand, mixed with an increasing 
generated-demolition demand. This demand is penalized by the model, and only when the 
benefit is high enough to demolish an occupied building will the objective function choose 
to do so. The model has to buy the existing building at the market price and sell the new 
units according to the market price in the area.  
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 To expand the picture, Figure 40 and Figure 41, show the same indicators by estrato and 
price range. From the estrato analysis, the unassigned buildings are primarily estrato 5 
and 6, and correspondingly, the unassigned price ranges are l6, l7 and l8.  
The series show existing demands for these high price products, so the non-assignment 
can be connected to higher profits from the development of lower price product 
development (greater demand), or with the city supply characteristics. The predominant 
estrato characteristic, for instance, can confine these agents to certain regions where the 
potential building area can become an important development restriction. 
For scenarios under different economic frameworks, both demand and location indicators 
can show changes, which is interesting to analyze for design of market and financing 
accessibility instruments. 
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Figure 39. Total demand vs. allocated buildings indicators. 
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Figure 40. Demand by estrato vs. allocated 
buildings indicators, for periods T1, T4, T7 
and T13. 
Figure 41. Demand by price range vs. 
allocated buildings indicators, for periods 
T1, T4, T7 and T13. 
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Figure 42. Number of residential buildings assigned vs. the estimated Observed 
Attractiveness Factor, for periods T4, T7 and T13 by neighborhood. 
 
  
Figure 43. Accessibility indicator for work trips vs. UTA with higher participation increase of 
new residential buildings. Periods T7 and T13. 
 
Figure 42 presents the sequence of the number of assigned residential buildings vs. the 
attractiveness factor AOR, where it is possible to see an enlargement of the indicators in 
the central area of the region—especially Medellín, Itagüí and Envigado—where the AOR 
shows good performances by the indicator.  
Figure 43 presents the accessibility indicator for work trips vs. the UTA with higher 
participation increases of new buildings (blue). The mobility patterns in the region have 
described an interesting pattern in which the inter-zonal trips from north to center and 
south are very important for the morning peak hour, these latter zones being the most 
important work centers (see Figure 25 left). The north originated trip demands remain 
important for estratos 1 to 3 (see Figure 14), even though the accessibility indicator for 
work motive decreases, (according to Table 18, these estrato better value the accessibility 
indicator to study facilities). 
The platform allows for systemic analysis, linking all city-qualifying indicators with housing 
market accessibility issues and socio-cultural preferences. This potentiality is useful to 
support further analysis on segregation and city differentiation, if pertinent, and to define 
new scenarios for inclusive instrument design and review. These questions, among many 
others, are now subjects for new research. 
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 9 Scenario Indicators 
The platform is designed for scenario analysis and is therefore a what if? type of platform, 
in which the scenario results are offered as information with added value for comparison 
and knowledge building regarding the city’s behavior.  
If more scenarios are configured and executed, the indicator system offers a comparative 
scenario analysis capability for all of the indicators presented, as well as for all possible 
results in the platform. 
In this section, several contrast scenarios are compared with the BAU, taking advantage of 
the joint models—MSP and MEE—additional information, and planning support potential. 
A brief description of each one is presented in Boxes 3 and 4 (pages 98 and 101). 
 
Module MSP 
Briefly presented in Box 3, the MSP is a model that is developed and framed in this 
prospective platform. It is implemented to associate utility infrastructure costs for 
distribution coverage to the resulting occupation scenarios. Generally, the expansion of 
utilities only follows the occupation, which in many cases promotes the urbanization of 
high-risk areas or prevents the expected development of specified zones5. The MSP gives 
information to evaluate the resulting occupation scenarios under the requirements of utility 
distribution network expansion, and therefore, to include aspects such as resource 
compromise and implementation schedules in the public policy design of land use policy 
and infrastructure interventions.  
Figure 45 and Figure 46 show estimated indicators of shortages and expansion costs for 
periods T4, T7 and T13 for the BAU scenario regarding the drinking water system. Figure 
47 shows an expansion cost indicator comparison between four different scenario 
analyses for periods T7 and T13. 
                                                
5 The electricity service in the case study has a coverage indicator over 99% (EEPPM). 
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Box 3 
Utilities expansion analysis Module, MSP 
The MSP module seeks to analyze the utilities distribution networks for the region so as to define 
expansion requirements and associated costs (Rave, Builes et al., 2009; Rave, Jaramillo et al., 
2009a). 
The module is built by optimization models that 
review the networks following the nodal system 
logic, where the nodes are the main elements of the 
distribution networks for drinking water, electricity, 
natural gas, and sewage, defining four nodal 
systems. For each system or network, these main 
elements belong to circuits (polygons) that define 
the coverage area of the element and also the 
spatial analysis dominion for management and 
expansion purposes. These circuits are delimited by 
EPM, the utility company. 
  
Figure 44. nodes and circuits mapping. 
Left: electricity distribution system, right: 
drinking water distribution system. 
The analysis seeks to prospectively estimate the consumption patterns related to the resulting 
occupation distribution in the MT, and if required, to estimate the total associated cost of expansion 
for each utility system in order to satisfy the demands evolution. The Indicator System captures the 
spatial overlapping connection between circuits and UTA so it can define consumption parameters 
and shortage and surplus indicators by circuit based on a much more detailed spatial unit—the 
UTA. Thus, it captures occupation patterns through the MT and therefore offers the MSP a good 
population projection regarding not only the usual economic drivers but also the technological ones 
(land use policy, saturation, infrastructure projects, attraction/expulsion dynamics).  
For planning purposes, the MT-MSP analysis offers information on the utility network expansion 
costs, related to the proposed land use policy and development scenarios, which is useful for 
comparison and discussion of the feasibility of new zone urbanization or densification and its 
implication on expansion resources (see Table 3 and Table 4 for current and proposed approach 
comparison). 
The module runs at the end of the MT chain in 
period 15, where the entire planning horizon 
has been populated with results (families by 
estrato and firms by sector and size). A first 
modeling step reviews shortage/surplus 
indicators for each network by comparing the 
consumption projections (function of the MT 
scenario and consumption parameters defined 
by the analyst) to the installed infrastructure 
capacity. 
 
MSP 
Population scenario by circuit 
parameterization   
Shortage and surplus signal 
definition  
Substation network backup modeling 
Optimization model  
Expansion cost analysis Cost indicator analysis (for drinking 
water, natural gas and sewage 
networks) 
Parametric 
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If there are shortage signals for any circuit in the system, a second step reviews the expansion cost 
indicators (defined exogenously by capacity units and geographical zone). Only in the case of the 
electricity network is there an optimization model that estimates the costs by reviewing the power 
transfer or backup possibilities between substations in order to minimize the expansion cost. The 
results are indicators of consumption, levels of used capacity on the infrastructure, deficit, and 
average expansion costs. 
   
Figure 45. Shortage indicator for drinking water circuits (m3/s) for periods T4, T7 and T13. 
 
Figure 46. Expansion costs by circuit for drinking water systems (million COP) for periods 
T4, T7 and T13. 
 
 
Figure 47. Estimated expansion costs for the drinking water circuits (million COP), scenarios 
comparison. Periods T7 (top) and T13 (bottom). 
 
From left to right, the scenarios refers to the BAU; SinMov which refers to a scenario 
where the initial accessibility indicators remain constant for the entire horizon; ESIC50, 
where the building index was increased in 50% for all UTA; and E20Firmas, where the 
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 location model is constrained to allocate at most twenty firms per UTA. Table 19 presents 
some of the considerations for design and analysis of these scenarios.  
The scenario comparison for the total expansion cost indicator shows the E20Firmas 
scenario for T7 as the most economical since the firm’s consumption is higher and its 
wider distribution (against concentration) will distribute the charges over the system. The 
ESIC50 scenario is the most expensive, which makes sense given the higher urbanization 
of the region. This panorama changes for T13, as the E20Firmas are the most expensive 
and the ESIC50 are the least, related to a denser scenario with more circuits compromised 
(E20Firmas) and an ESIC50 scenario with higher development in some circuits where 
already higher expansions do not mean representative extra costs. Detailed analysis can 
be performed regarding each circuit and the cost-benefit indicators of development policies 
for the city. 
Table 19. Territorial Module (MT) referred scenario description. 
Scenario Considerations Purpose 
BAU  Designed to review the impacts of all projects (land use 
policy and infrastructure) proposed by current master 
plans for the regions. 
SinMov No transport model run.  
Initial accessibility indicator constant 
for the horizon. 
Designed to replicate the current exercises where no 
transport externalities are included over time in the 
housing planning projects, neither negative nor positive 
ones, regarding average travel times and congestion. 
ESIC50 50% increase in building indexes in 
all UTA. 
Tackles the question of attraction dynamics vs. 
available space. In other words, how to determine the 
most pressured areas that have early saturation 
indicators because of development constraints, or the 
less attractive areas that have greater potential for 
development. 
E20Firmas Maximum of twenty assignations per 
UTA. Firm location model. 
Designed to constrain the firm assignation to twenty by 
UTA and by period. Contrast scenario for geographic 
distribution attractiveness analysis. 
ESCCS Transport network project entrance 
in periods T5, T10 and T15. Building 
indexes according to the project and 
restricted residential assignation 
until T8. 
Designed to review the south pole strategic project. 
Development of commercial, services and housing 
projects to configure a new center (Itagüí, Envigado). 
 
Module MEEE 
The energy economy environment module MEEE based on the MARKAL model (see Box 
4), has represented an important innovation in regard to modeling tools that support 
decision-making in local planning. Different applications performed for the case study 
(Builes, Rave et al., 2007; Rave, Builes et al., 2007a; Rave, Alzate et al., 2007; Rave, 
Builes et al., 2007b; Rave, Smith et al., 2007) were pioneered by the research group in 
Colombia and in the GIS linking strategies for local modeling among the Markal 
international community. 
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Box 4 
Energy Economy Environment Module, MEEE 
The MEEE seeks to support the infrastructure and urban network planning exercises by linking the 
city demand and consumption patterns to environmental and energy efficient strategies driven by 
pollution abatement scenario analysis. The module is based in the MARKAL® model, which is 
exogenous to the platform but connected through the information chain (indicator system).  
The model is an international development, led by the IEA (ETSAP program, http://www.iea-
etsap.org) and continued with multi-party cooperation and support, which guarantees the 
robustness and pertinence of the model’s features. This is one of the reasons to select this model to 
interact with the platform, while the other models of MT and MSP have been tailor-made and 
implemented. 
The MARKAL® model is a technological 
bottom-up type model that allows integrated 
analysis of the performance of energy sectors in 
the city in terms of pollutant emissions, costs, 
and use of resources (balances), and also 
allows the analysis of different technological or 
policy scenarios related to substitution of energy 
carriers, technological innovation, emission 
control limits and many other possible structural 
changes on projects.  
 
Scheme 17. Reference Energy System for 
transport sector on Medellín Metropolitan area. 
The Markal (an acronym for MARKal ALlocation) is a generic economic model based on partial 
equilibrium of energy markets; it has a multi-period horizon and is multiregional, capable of 
representing the energy dynamics evolution based on a detailed technological representation. The 
Scheme 17 represents the reference energy system (RES) which is a detailed and exhaustive 
specification of all techno-economic attributes for the different technologies (including expansion 
baskets) and activities of the energy chain through final use. Both the supply and demand sides are 
integrated so that one side responds automatically to changes in the other. The model selects the 
combination of technologies that minimizes the total energy system cost or other possible functions 
related to emission abatement goals or policies, within the limits of feasibility. The modeling 
exercise with Markal will give information for different scenarios about total cost of emission 
reduction according to varying policies and restrictions or different configurations of technological 
projects. The marginal cost of emissions is determined for each time period (Haurie, 2001; Haurie, 
2004; Seebregts, Goldstein et al., 2001).  
The model has been implemented to support different planning objectives for the case study, linked 
with a high spatial disaggregation that has allowed the support of different planning initiatives on 
electricity and natural gas distribution networks, transportation projects, and clean industrial 
development strategies. The spatial features, developed by this research group, include not only the 
spatially disaggregated RES specification and modeling, but also the preceding steps for this 
prospective tools mapping display, which are currently integrated into the LAD-T platform. The 
implemented horizon for the model extends to twenty years. 
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Different contributions have been performed since 2005 (led by the dissertation researcher), which 
include the RES formulation and energy balance analysis of residential, commercial, industrial, and 
transport sectors, as well as different natural gas penetration scenarios on transportation and 
industrial projects. Figures 48 and 49 show results of the applications regarding the Metroplús 
Box 4 
system (RBS) energy carrier and technology final choice, and several analyses for clean 
development and energy efficiency strategies for 244 industries in the region. 
 
 
 
Figure 48.Estimated indicators for Metroplús 
technological alternatives analysis. Left: total 
(20 years) cost and PM10 emission indicators 
for the alternatives; Right: PM10 emissions on 
the zoomed sector derived from the 
transportation system with Metroplús GNV 
(Natural Gas). 
Figure 49. Estimated MP10 emission maps for 
energy efficient industrial strategies, period 2014. 
Left: BAU scenario; Right: E4_BT, natural gas 
penetration in demand devices for low temperature 
demands. 
 
The spatial disaggregation is key to producing emission maps, which give information about the 
pollution source behavior (localization, magnitude, activity) and offer valuable information for 
planning, from economic instrument design to externality analysis. 
The underlying hypothesis is that the occupation model and the activity patterns (transportation, 
industrial activity, etc.), along with their related energy carrier and resource consumption, can be 
approached as an integrated strategy, as the object of the MEEE, the analysis of pollution depletion 
strategies. Along with the MT, the approach offers a powerful tool to analyze global emissions 
scenarios linked with energy substitution, technology innovation strategies (MEEE), and/or 
infrastructure and source location (MT).  
In 2008 and 2009, the MEEE results (emission maps for 
several scenarios) were linked with information on air quality 
maps (dispersion models) as well as vulnerable population 
distribution maps to define seven priority intervention zones, in 
which pollution control projects are priority as a part of the 
regional environmental master plan (POMCA). Externalities for 
human health were estimated using a simple methodology, to 
be enhanced in future research, to support the project’s 
motivation and compromise of resources. 
  
Figure 50. Priority 
intervention zones in the 
region because high 
pollution levels.
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 The link between the modules MEEE (based on Markal model) and MT seek to develop 
one of the key variables in urban evolution: the demand. As developed in the document, 
on a local scale, expected final uses and resource consumptions, strongly depend on the 
occupation pattern of the city and its socioeconomic distribution. 
Markal is a demand driven model for energy systems, in which the demands represent the 
expected final use demands for a scenario. Traditionally the demand is estimated by 
statistical or econometric method based on macroeconomic drivers and/or general 
population growth trends. These approaches cannot capture the complexity of the 
occupation dynamics over time, which is the objective of the MT development. Thus, the 
module takes advantage of the potentialities of the MT to estimate demand scenarios for 
the city on a spatially disaggregated scale, and accordingly, solves scenarios for clean 
development strategies in the consumption sectors, with highly detailed levels, that allow 
one to analyze environmental strategies for a changing city.  
The main motivation is the prospective analysis of vulnerability and risk indicators relating 
to pollution impacts on human health, designed to bridge “green and brown strategies” 
(environmental and infrastructure) for sustainable urbanization achievements (UN-Habitat, 
2009). Spatially distributed results of population distribution (MT) and pollutant emissions 
(MEEE) for short and medium-term scenarios, can give information for prioritization of 
zones and/or projects. 
Regarding projects like public transport system changes as in the case study project for 
integration of massive systems (Metro, Metroplús, Metrocable) and the consequent 
reconfiguration and integration with the traditional bus system, the MT can offer 
information to understand the project’s probable impacts over occupation patterns, 
resulting use configuration, residential and firm mobility dynamics, urban service networks 
re-qualification, etc., while the MEEE can offer techno-economic indicators of the 
performance of the system for the horizon as well as pollutant emissions maps. The 
indicator system allows one to combine this information to formulate different estimated 
vulnerability indicators (analyst defined) as well as projects and public policy design to 
guide the city as to strategies for efficient energy production and consumption. 
Currently, the MT produces the demand time series for the MEEE. It is expected that the 
pollutant abatement in different regions will impact the social actors’ perception and 
therefore the resulting occupation patterns, but currently there is no information to calibrate 
this dynamic (MEEE feeding the MT), which offers an open line of research to be 
developed in the future. 
To illustrate the proposed analysis, Figure 51 and Figure 52 present the density and 
population estimated indicators, respectively, per neighborhood for period T7, overlapped 
with the priority intervention zones defined in the regional environmental master plan for 
the region, POMCA (Rave, 2008; Universidad Nacional de Colombia, Área Metropolitana 
del Valle de Aburrá et al., 2007). These polygons were defined by an exploratory analysis 
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 fed by the Markal pollutant emission maps and complementary information on pollutant 
dispersion, source density, and 2005 population distribution (Rave, 2008). The polygons 
respond to the most critical criteria, meaning the areas where the low air quality and the 
emission production are highest in the region.  
The comparison against the MT results will give a prospective comparison potentiality, to 
review population growth and therefore to prospectively determine vulnerability issues 
(human health). It is possible that regions with baselines of low density indicators but with 
highly increasing prospective density have to be analyzed to redefine the critical polygons. 
Figure 53 presents the same comparison against the congestion and firm population 
indicator, to revise the future scenarios for the sources and redefine the source density 
criteria. 
 
Figure 51. Estimated residential density indicators vs. the priority intervention zones defined 
by POMCA. Scenario comparison for T7. 
 
 
Figure 52. Estimated population indicators vs. the priority intervention zones defined by 
POMCA. Scenario comparison for T7. 
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Figure 53. BAU scenario indicators for congestion over the transport network and industrial 
firm location vs. priority intervention zones defined by POMCA. Periods T4, T7 and T13. 
 
Comments 
The baseline results are well adjusted to the observed patterns revealed by the information 
process and the obtained results and patterns for the BAU and contrasting scenarios have 
been discussed with different planning agents. Certain derived changes and improvements 
have been developed in the formulation of the models and several new features have 
been included in the indicator system and the interfaces. 
Currently, the work is focused on the detailed analysis of different cases within the region 
to analyze the inferred dynamics for different interventions. This means that the already 
systemic and global analysis for the region is complemented by following different 
intervention cases to identify trends and support the ongoing projects. The familiarity with 
different cases and their resulting alterations represents an important and valuable work 
for regional planning.  
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 5 CONTRIBUTIONS 
As discussed in Chapter 2, the current developments in the planning field is very much 
related to the definition, evolution, mutual feedback, and responses of planning and 
modeling paradigms.  
This dissertation explores this relationship, focusing on the complexity of the exchange 
between researchers and practitioners and therefore between formal approaches, and real 
practice and implementation issues. This gap has persisted over the years as a result of 
agent’s background, paradigms, agencies’ work scopes, and world vision comprehension. 
Complex systems such as cities and, more generally, urban agglomerations, require 
methodological strategies capable of multi-paradigm inclusion and integration as a tool for 
agents’ participation in a structured framework of contribution. They also require the 
explicit goal of knowledge building, in both development and implementation issues, as an 
acknowledgment of the inherent complexity and uncertainty, as well as the acceptance of 
the changing character of urban systems. 
The proposed modeling tool, based on a multi-methodology and modular modeling 
environment (platform), seeks to build a comprehensive yet limited and approachable 
frame of analysis for knowledge building about the interaction of city’s elements and its 
emergent responses over time in a prospective formulation, where far from the idea of 
building complex models, a composition of a progressive modeling path for joint 
participation and multidisciplinary confrontation and discussion is offered. The 
methodologies from different modeling paradigms are inserted into the city’s niche where 
its underlying analytical approach and scope of results are pertinent according to the 
decision-making processes and are well aware of the limitations and uncertainty sources. 
This last idea follows the line of the authentic correspondence or pertinence of some 
methodologies with the expected planning scopes, and against the idea of the universality 
and superiority of some models’ methodologies over the rest. It is also related to genuine 
multi-paradigm integration thinking regarding not only the possibility of bridging 
methodologies, despite their different assumptions, but also with the possibility of bridging 
knowledge areas for multidisciplinary discussion. For Latin American cities, where the 
planning agencies tend to specialize their staff according to the director’s academic 
background, this is a controversial but essential idea intended to enhance all processes 
and build more strategic planning guidelines for the future, supported by diverse 
multidisciplinary discussion and active consensus building.  
This developed platform was built over the course of extensive and exhaustive research 
on a wide range of research lines and practice fields, from operational research to conflict 
mapping. It involved the participation of several agents in workshops, discussions, and 
contributions, all used to structure a comprehensive line of decision and event sequences 
to describe the occupation dynamics of the city. Upon reflection, the platform execution is 
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 a great achievement in and of itself, the information needs and even the gross 
understanding of its structure and scope, require multidisciplinary participation and the 
“others doing” discussion. This sends a clear message to analysts (academics and 
practitioners) about the level of complexity of the city and the various elements, aspects, 
dimensions and conflicts overlapping in time and space. There is no better way to facilitate 
(compel) mutual vision understanding and strategy impact discussion. Again, the platform 
offers a prospective platform developed with all rigor required to produce valid results to 
work with. However, the main goal is not to produce data but rather to produce data 
discussion, confrontation, and added value for public policy assessment. 
After fifty years of planning developments, cities continue growing in two directions, 
structured, served and informal, unserved neighborhoods. Planners’ actions are only 
compelled by the first category, and the informal/unserved neighborhoods’ growth has 
been understood as the consequence of someone else’s negligence, including the 
inhabitants’ disregard for the law. Spatial exclusion and poverty cycle reinforcement have 
to be understood as a part of the planning impacts (because of the voids, knowledge gaps 
and/or limitations of planning approaches) in order to build the basis of a meaningful 
construction of comprehensive planning strategies that tackles the most urgent problems 
of our current and future urbanization processes. The current planning exercise, 
disarticulated and aggregated, with low interdisciplinary discussion and important 
implementation problems, can be most benefited by the inclusion of sophisticated 
modeling and instrumental tools, such as the one developed, as a strategy for planning 
discussion facilitation and social actors’ understanding of the impact of urban futures. 
This research utilization within Medellín Metropolitan Area planning field, is an ongoing 
process since the co-funding participation of the planning institution—Area Metropolitana 
(regional planning) and EEPPM (Utilities Company)—does not guarantee its conceptual 
and instrumental appropriation and its use for planning and decision support exercises. 
The current discussion is centered within the Academy—institutions alliance vs. the 
institutions modeling autonomy. As the National University of Colombia’ vocation is the 
professional formation and the research of novel knowledge contribution, the first strategy 
is best for economic and human resource use against the limited resources of the 
institutions for these activities to the detriment of their day by day management and 
implementation operations. 
The alliance is based on the facilitation, accompaniment and coordination of the 
discussion work and modeling analysis to produce timely and pertinent information to 
support the planning exercises as well as the platform maintenance and update.  
This aspect has been explored since the earliests applications and enriched by the 
planning agents’ paradigm analysis and involves continuous socialization work to generate 
the required institutional consciousness and successfully insert the concept in the 
institution’s thinking. The current work is focused in this direction, knowing how important it 
is for the continuity and inclusion of this research’s contributions to the planning exercise. 
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 5.1 Discussion 
The research offers original conceptual, methodological, and instrumental contribution to 
the planning field as will be discussed in this chapter. Previously, and throughout the text, 
some of the most important developments have been presented and discussed; for 
example, conceptual paradigm comparison and construction; conceptual (added value 
chain), methodological and instrumental (baseline information gathering and analysis) 
scopes of information management; and the platform itself. All of these developments 
were put forth as results with novel contributions to the planning and operational research 
community. 
In this section, then, the discussion will be focused on complementary contributions 
defined by the novel modeling strategies developed for a number of the problems involved 
in the analysis framework. The contribution can be identified on all three lines as defined 
by the literature, which refers to three different viewpoints, or to all three simultaneously as 
in the case of the research: (1) the innovative approach to the problem of study, (2) the 
development of tools, and (3) the analysis of a new problem or one previously analyzed in 
sections, where the planning work will contribute a number of elements to the general 
understanding of the integrated system (IIASA, 2009). All of the following elements, 
embedded in those viewpoints, will be described globally and are currently the subjects of 
detailed working papers. 
 
 Laboratory of Decision Analysis – Territory, LAD-T Platform. 
 
Scheme 18. Dynamic articulation in time 
and space of different urban elements 
and dimensions. 
 
The platform proposes a conceptual thread for 
analysis of urban occupation dynamics, built 
from a comprehensive and integral analysis of 
the most important decision steps and the urban 
dimension’s structuring elements.  
The platform seeks to articulate a more 
descriptive analysis to understand the 
occupation dynamics and their related impact, 
understood as externalities (positive and 
negative) as well as their feedback over time. It 
is not an attempt at a universal explanation of 
all links, but rather a sequential following of the 
specific dynamic of mobility, proposed as one 
motor for the occupation distribution evolution 
and therefore, as a driver of demand. 
The research brings elements derived from comprehensive and integral analysis into the 
general area of local planning. It is not expected to contribute to the social sciences or 
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 modeling theory, but rather to conceptualization itself, for their integration with planning 
strategies. 
The application to Medellín Metropolitan Area gives a level of relevance and a framework 
for discussion regarding the results and the contribution. Currently, the platform offers 
several elements to analyze the “interventions” and “development scenarios” proposed for 
the region and constitutes a software tool for continuous work and progressive 
enhancement. 
Another idea underlying the research development was the addition of value to primary, 
secondary, and even tertiary information, in order to extract data about different urban 
dynamics and related processes.  
Several available planning exercises with different information (sources and results) 
profiles can be utilized to produce indicators and infer behaviors and trends through time. 
These processes are not undertaken given the estimated character of this information, but 
they can represent an important source of analytic information over time to complement 
the more traditional approaches related to primary information. As in the case of the origin-
destination matrix for the transport model (discussed later in this chapter), information 
gathering compromises important resources and time, thus a different analysis can 
complement the exercises and offer insight to the evolution drivers of the urban system. 
The added value concept lies in this idea of learning from the information, no matter what 
its different attributes are and inferring behaviors to go further into the representation of 
dynamics instead of periodical diagnostic analysis. 
The developed platform and the formulated conceptual framework, represent an original 
contribution that offers a comprehensive but integrated tool for analysis of urban dynamics 
and for the description of occupation patterns. Other models and platforms in the literature, 
looking for feedback or externality representation, exploit different aspects, mostly travel 
times or financing issues, but one at the time, defining extensive parametric sheets to feed 
the models. UrbanSim (http://www.urbansim.org, (Waddell, 2004)), likely one of the best 
known systems shares some motivating positions with this platform, such as market 
imperfections, limited rationality, and development potentialities such as fine spatial scales 
and representation of individuals. The system also implements an equilibrium model with 
important innovations to relax constraints and include uncertainty, but embedded in a 
strong framework of urban economy regarding the theoretical relation between jobs and 
residences and therefore much more constrained and difficult to calibrate. It is also a 
modular construction, extremely different in all configuring elements (modeling steps); for 
instance, it has a raster based as opposed to the vector based platform—the motor of 
much of this developed approach’s potential such as nodal system’s analysis.  
As mentioned in the chapter introduction, several of the modeling strategies designed to 
facilitate concepts for planning innovation are presented in the following items. 
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 Aggregated Demand Formation vs. Disaggregated but Regional Demand 
Allocation 
The aggregated building demand formation (demand side) vs. the disaggregated demand 
allocation (supply side) regarding the spatial scale represent an idea for a more effective 
description of the mobility process in a metropolitan area such as in the case study, and a 
strategy to motivate a discussion for public policy analysis related to the charges/benefits 
on the housing provision responsibility of the municipalities in the region. 
Scheme 19 shows an illustration of the proposed approach. The left image represents the 
traditional approach in which the housing demand—potential and effective—is estimated 
for each municipality as located in its own territory, derived from population growth 
projections and the estimated housing quality deficit (families in risk areas) (CAMACOL, 
2007; Mejía, Cadavid et al., 2010). The approach assumes each municipality to be 
isolated, with no mobility between the metropolitan area and no changes in the residential 
mobility destination preferences. 
The figure on the right side (Scheme 19) represents the proposed approach in which the 
demand is configured by all families with mobility probability (effective) from all 
municipalities and the destination municipality is not predefined but allocated considering 
preferences, market elements, and land availability. 
supply
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Demand
Municipality
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Scheme 19. housing provision estimation approaches, by city (fix destination) vs. regional 
related (non fix destination). 
 
The current densification processes show the first approach to be limited since the most 
dense municipalities have market and space restrictions, in contrast to less dense 
municipalities, which have been experiencing housing market growth. For the social 
actors, the location process will be successful in the region if the destination neighborhood 
fulfills its preferences (AOR) independently of the municipality, the Metropolitan Area being 
a “small” city in terms of distances and size. 
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 Politically speaking, the proposed approach will contribute to the obligations/benefits 
discussion because it defines the metropolitan region as a decision unit facilitating a 
consensus about how to tackle the housing provision problem. As of now the current 
discussion is less balanced since the most populated municipality will have greater 
obligations but not necessarily the corresponding benefits, and the less populated 
municipality will have minimum responsibility regarding the prospective scenario definition 
of metropolitan occupation. 
Many methodologies, especially statistical, have been applied to the problem while 
preserving the origin-destination trends, such as discrete choice models and certain 
equilibrium models with congestion and travel time utility functions (Kim, 1989; Waddell, 
2004).  
 
 Quality of Employment as Borrowing Capacity Driver 
As discussed briefly in Section 3.2.4, the characterization of employment type is one of the 
most important contributions to the analysis. It is a methodology adapted from Robbins, 
2008, in which the proposed characterization offers information about the families’ 
borrowing capacity. 
The housing provision in Colombia is mediated by the banking system, which manages the 
financial instruments, even the social housing subsidy instruments. Thus all families, even 
the government social housing beneficiaries, need to prove borrowing capacities to access 
the financial system. This aspect, among others, has been a major obstacle for the 
families’ accessibility and house acquisition (CAMACOL, 2007; Comfama, 2009; Fondo 
Nacional del Ahorro, 2009a, b).  
Traditionally, the economic status of the families has been approached using the income 
as the driver for many analyses including the effective demand estimation. Income, which 
is a difficult variable to gather with veracity, has proven itself not to be an efficient 
descriptor of the housing tenure (according to the source information) or financing system 
access (Gómez, 2005; Gutiérrez, 2004; Mejía, Cadavid et al., 2010; Rave, Garzón et al., 
2009c). 
The proposed approach for type of employment parameterization is a correlation function 
derived from the GDP indicators, which provides a consistent link to the national economy, 
and a proper framework for families’ financial access drivers (see description on Chapter 
3, page 42). 
The source information and the formulation of the approach are available for future update 
and review. 
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Scheme 20. Employment indicators correlation with national GDP scenarios. 
 
 Demand Formation Sequence. Demography and Consumption Attributes 
Estimation 
The families’ demographic drives their residential mobility dynamic, among other things. In 
planning exercises it is common to find statistical approaches, cluster types or projections 
that are used to project the future behavior of the clusters or agents charged with 
attributes. This approach, despite its rigor and suitability for many studies, strongly 
preserves the historical trends. For families, the proposed approach of progressive 
attribute definition, allows a relaxation of the historical trends by correcting them with the 
estimated changes from the location process (estrato) and with the economic framework 
derived evolution (employment type), to produce updated behaviors that consult the local 
and national signals. 
The demand formation sequence divides the analysis into three parts, the population 
growth, the families life cycle, and the families attributes parameterization. All rates (birth, 
death, migration, divorce and marriages, etc) calibrated for the case study describe the 
process (two first parts) independently of economic attributes such as estrato (third part), 
which can be a driver for family formation but is endogenized by the demographic analysis. 
Other approaches focused on social mobility (out of this research scope) can look deeper 
into those relationships.  
The thread results define the demanding families, which are characterized by estrato and 
type of employment. This approach prevents the families’ socioeconomic distribution from 
being preserved throughout the entire analysis and therefore, better describes the 
observed dynamics, (See Section 3.2.4). 
 
 Urban Networks vs. Polygons’ Goal Programming 
The nodal system analysis proposal, implemented in the platform, is a modeling strategy 
designed to offer a more systemic insight into the structuring and structured elements of 
the cities, which are the object of the public agenda and are the center of the discussion 
regarding citizenship and the city’s accessibility. 
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Scheme 21. Representation of polygons vs. networks to measure coverage related 
indicators of the city. 
 
Current discussion defines the existence of public space, its connection to other public 
spaces, and the accessibility properties as part of the minimum requirements to bring 
quality effective public space to the city. Current methodologies for different public 
elements (structured and structuring) expansion and analysis study the quality indicators 
as well as the expansion requirements as a function of polygons shortages/surplus, 
wherein the underlying assumption is that every polygon has to fulfill the goals of 
autonomous small cities with confined populations. No connectivity between polygons is 
considered except a few spilling effects of modeling methodologies and elements defined 
as having regional influence. 
Similar to the case of the aggregated demand formation, 
this conceptualization has consequences on every decision 
dimension, from budget compromise to political 
confrontation, since the land is a limited resource and 
therefore, the shortage indicators estimated from goals, (m2 
per habitant) present in almost every polygon (see Figure 
54), will offer few possibilities for expansion and public 
action. Most importantly it will give a biased picture of the 
city services, since the methodology does not capture 
synergies or population consumption patterns. 
Figure 54. Medellín municipality estimated map. Public space 
shortage indicator by polygon (orange for shortage, green 
for surplus). 
 
The proposed approach seeks to analyze the different structured and structuring urban 
systems (public space, facilities, housing, transport, etc.) as networks and builds an 
indicator system for its analysis regarding the distribution structuring, accessibility and 
connectivity properties. These latter indicators, linked to the transportation patterns, give 
more information about the network’s suitability for the city and more insights about the 
intervention alternatives to enhance the network and the city as an entire system. (See 
Section 3.2.5.1) It offers more flexibility for intervention discussion and intervention. 
113 
  Origin-Destination Matrix, Prospective Estimation 
One of the most important externalities that affect the urban dynamics is congestion, linked 
to connectivity and mobility issues. Models for transportation analysis (classical and 
modern) are calibrated from origin-destination surveys designed to infer the transportation 
patterns and preferences. The survey is primary information and because of its size and 
resources requirement, has a periodicity greater than a year, and for the case study, a 
minimum of five years. Several of the planning systems for future scenarios do not include 
changes to the calibrated transportation patterns and congestion externalities, and 
therefore, construct futures with the baseline indicators and their trendy projections or 
exogenous defined scenarios.  
Thus it is not surprising that planning exercises do not deal with congestion issues and 
their underlying processes of land use change, vocation change and saturation/congestion 
issues relating to the city’s evolution until a new exercise diagnoses the changes based on 
new information. Current methodologies do not include drastic changes but rather trends 
(parameterization), which is not descriptive of the young and fast changing cities of Latin 
America.  
For the platform, and in order to include 
changes to these patterns, a methodology 
was designed and implemented to estimate 
origin-destiny matrixes, supported by the 
nodal system specification, which can 
describe the elements of the city that 
generate and attract trips, and their changes 
over time (see Section 3.2.5.1). The 
attraction functions are calibrated from the 
surveys, related to the city elements, a 
feature that can give information on the 
impact of new shopping centers or schools, 
for example, on the transportation patterns. 
 
 
Scheme 22. City elements as trips origin 
(trips generators) and destination (trips 
attractors). Transport patterns formation. 
This analysis is one of the most interesting in the platform since it gives information about 
the nodal systems as well as the social actors’ service demands. Based on the literature 
review, there are no other modeling approaches to estimate this matrix as a result linked to 
prospective urban change, meaning that this offers an original contribution to urban 
dynamics analysis.  
 
 Trip Demand Estimation by Transportation Network 
The model, formulated for the travel assignment step based on the classical equilibrium 
method with congestion, has special features to enhance the travel distribution 
representation and suitability to the case study transport network.  
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 Furthermore, and briefly described in Chapter 3, the network was represented as being 
formed by two branches, the Metro-Metrocable-Metroplús network, RM (massive transport 
systems) and the service network, RS. This configuration is an important feature 
throughout the model as it is used for the nodal system indicators estimation and for the 
travel demand formation and assignment. For the latter, the trip demand is usually 
estimated by mode, in an attempt to link the vehicle to the installed capacity of the physical 
transportation network.  
As was briefly described in the transport model sequence, the public transport modes for 
Medellín Metropolitan Area, and more generally, for cities in the developing world, are 
constantly changing and including new systems (ten years ago few cities had anything 
different from the traditional bus systems). Thus, the textbook-methodology for scenario 
definition of new system demand estimation will be exogenous parameterization, not 
supported by data and not connected to general mobility patterns. For a What if approach, 
this can be validated by the analysis of several possibilities, but the uncertainty will be very 
important and, as is the case in many cities (Transmilenio in Bogotá, for instance) the 
estimated demands turned out to be underestimated since the methodologies, most of 
them for expansion and economic sustainability analysis for the systems, did not consider 
preferences changes of the population once the system was operative. Few synergies 
between the new and existing systems are considered. 
Then for the platform, where the scenario analysis of different public transport systems is a 
goal, the demand formation proposed approach is its estimation under the transport 
system rather than the mode criteria. The demand, estimated initially for habitant by 
estrato and mode, is divided into public collective mode and other, thereby defining two 
main demand groups: habitants with the probability to choose public transportation and the 
rest. For those with probability, the demand is estimated in passenger units and it is 
assumed that a passenger can use whatever mode in the public system (Metro, 
Metrocable, Metroplús, or traditional bus). The RM is the one that has the information on 
equivalent vehicle according to the system, therefore the model endogenizes the 
transformation (passenger to equivalent vehicle) and fulfills the passengers’ demand. In 
this way, the usage of the system is a result, not an input, and can give information about 
the modes distribution, synergies and the network shortages/surplus.  
Regarding the demand scenario definition, the approach allows one to define the 
probability of traveling by public systems or not, instead of defining participation in each 
public mode. The proposed approach may not drastically reduce the general uncertainty 
but it does not increase it either. 
For planning support, the proposed demand treatment is useful to review different public 
transport integration scenarios and disposition/adversity scenarios regarding the 
population preferences. 
115 
 Scheme 23. Modes correspondence to 
modeled transport networks, RM 
(Metro-Metrocable-Metroplús) and RS 
(service network). 
 
 Urban externalities as Preference’s Drivers 
The Observed Attractiveness Factor (AOR) is a modeling strategy that allows the inclusion 
of social actors’ revealed preferences in the location analysis and is key to transitioning 
from the traditional approach of mobility destination fixation, replicated by statistical 
approaches (mentioned in the Aggregated demand formation vs. Disaggregated but 
regional demand allocation item), to a regional domain approach, where the different 
destinations (UTA, neighborhoods) can be parameterized and qualified, to respond to the 
preference patterns instead of the destinations. This approach gives more flexibility to 
explore the city’s changes and the impacts of the vast resources invested in the 
enhancement of the city services networks.  
The approach is implemented through the expert system, and the nodal system 
configuration for qualification and analysis, and defined through the optimization model for 
location, as defined for social actors’ search domain. The approach is analyst defined and 
susceptible to scenario analysis, which offers the possibility of following preference 
changes over time. 
 
 Housing Market Prices Characterization 
The discrete choice analysis implemented for the housing market characterization offers a 
conceptual contribution to the urban analysis.  
Current methodologies study the market as a cash flow (residual method) where the price 
is composed of the costs plus the profit. Given the different elements of the equation, the 
unknown variables can be inferred. Nevertheless, the approach is very limited since only 
the construction materials and costs can be estimated and the land costs, the profits and 
the selling price are subject to speculation and complex dynamics that are not included in 
the methodology. Diagnostic approaches infer the land cost given a set of prices, but these 
results are not explicative of the market behavior and under the consideration of different 
markets for land and for properties. As a result, the underlying hypothesis of the price 
composition can be completely unrealistic. 
For the research, and considering the inherent complexities such as information scarcity 
and speculation dynamics, the proposed analysis was formulated not to explain the prices 
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 formation but rather the market composition, its product differentiation, and the 
geographical and socioeconomic distribution drivers (see Scheme 24). 
Defining a product as a house with estrato and area (m2), the analysis offers the 
distribution of prices of such a product in different neighborhoods (see Figure 55), giving 
information about the spatial differentiation of the housing market. This means that the 
same house for the same estrato can be cheaper/more expensive in a region, behavior 
that can be connected to the endogenization of quality attributes of the neighborhood or 
the market agents’ dynamics, opening an interesting line of research to be deepened in 
future works. 
The general results of the analysis (see Speculative Attractiveness Factor) are the 
probable market products to be found in different neighborhoods. 
 
Figure 55. Price probability distribution by m2 and neighborhood, for houses estrato 2. 
 
    
Scheme 24. Analysis of geographic market characteristics supported by housing supply 
analysis. 
 
 Land Uses Restriction Formulation. Building Indexes 
The land use indexes, formulated as urbanization constraints for developers, are often 
controversial since their use is defined per lot, regardless of the lot’s morphologic 
properties and without consideration of the previous development resulting index. In 
general, it is difficult to review or to project the real level of built area to be achieved in 
bigger polygons like the UTA, which are the polygons for which the indexes are defined.  
The implemented equivalent indexes are abstractions of those indexes related to the entire 
urban development of each UTA, as if the UTA defines a lot. It is possible to define the net 
area (extraction of transport networks area, public spaces, and other fixed elements 
supported by GIS) and compute the current base area, the equivalent number of stories 
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 and the aggregated built area. Considering this as a valid representation of the developed 
area, it is possible to compare the equivalent real area against the current enacted 
indexes, and diagnose not only the current three-dimensional layout and development 
potential of the city, but to infer compliance to standards. 
Base area Restricted 
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Urban polygon UTA, Territorial analysis unities
Potential 
building area
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Scheme 25. Built area equivalent representation of an urban polygon. 
 
Based on this analysis, the optimization constraint was set, and a detailed analysis of 
compliance was developed, from which the analysis of the differences between the current 
density indicator and the proposed limit was a result (see Figure 1, Figure 4 and Figure 
11). 
 
 Urban Densification Indicator Schedule 
One important aspect to remark upon in the results is the densification schedule that can 
be revealed from the various modeled dynamics. The occupation patterns define the 
different aspects of urbanization such as the house’s and firm’s attributes, the 
configuration of nodal system elements, and the related three-dimensional layout. Also the 
socioeconomic characteristics. Both the spatial and temporal scales allow one to follow the 
process schedule and therefore, offer insight to the attraction/expulsion properties and the 
saturation limits, shown progressively period-by-period. 
Figure 56 (left) shows two maps for the density indicator, the platform’s result for T15 (last 
period) and the municipality estimated result.  
The municipal methodology consisted of the detailed analysis, lot by lot, of potential 
developments and their construction to the limit (building indexes). Thus the map is a 
representation of the maximum development scenario, based on an average house area. 
The timeframe is not clear since the objective is to analyze the maximum indicators to be 
obtained under the proposed indexes. According to these results, the public space and 
facility coverage goals, among others, are defined. The map can be seen as representing 
the most adverse scenario to be achieved. 
As a reflection, this adverse scenario has a low probability of occurring since it requires the 
development to the limit of all parts of the region. In another way, the land use policy is 
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 reviewed every four to six years, so this is a short period for these major changes to 
happen.  
Figure 56 (left) shows a comparison between the platform and the estimated municipal 
maps regarding the indicator differences. It can be followed (Figure 56 right) for the time in 
which the changes were defined. For example, in the initial period (2005) the density 
already overcomes the municipality estimation. Since T4 (2009) for the east part of 
Medellín, densities remain lower, and for T7 in the northwest part and for T15 in the 
southeast became greater than the Municipality’s estimated indicator.   
These results, and the contrasting scenarios, offer valuable information for spatial and 
temporal prioritization and management of planning interventions and therefore, are 
valuable to support better decision making for public policy design, in all steps, from 
formulation to implementation. 
Figure 56. Planning horizon density indicator estimation. Platform vs. current methodology 
results. 
 
5.2 Future Work 
The research left many open research paths. The main open questions are presented in 
two categories: recommendations and suggestions for the improvement of different 
research elements included in this dissertation, and new developments envisioned for 
further knowledge building. 
Improvements and Additional Developments 
The application in the case study responded to the availability of information, despite its 
fragmentation and heterogeneity, offering an interesting potential for analysis, as already 
proven by the research results. At the same time, many research needs were identified 
with corresponding information needs in terms of new data gathering, existing data 
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 systematization and modeling analysis for value addition. Among them, the following are 
examples of interesting and pertinent work to support current planning: 
- Vulnerability and risk analysis. Given the occupation scenarios, different risk 
analyses can be approached, from the impact of pollution on the population (as the 
preliminary exploratory analysis described in Chapter 4) to the urbanization of 
hazardous areas, urbanization pressure, relocation analysis, and vulnerable 
populations.  
- Environmental urban scenario analysis. The analysis of the city’s qualifying 
indicators and externalities included in the platform (different occupation scenarios and 
the resulting urban pressure on protected and/or restricted areas, borders, and rural 
land) uses a more systemic understanding of the urban systems and the citizens’ 
welfare to highlight multiple alternative occupation scenarios as being environmentally 
acceptable. The current approach, focused on natural resource analysis only, results 
mainly in policy and intervention instruments, normative or restrictive in nature 
(protected areas, emission limits, etc), that set unrealistic standards (for instance, most 
protected areas are already occupied) and do not promote alternatives for sustainable 
urbanization. 
- Neighborhood attraction/expulsion dynamics analysis. The proposed analysis for 
revealed preferences of social actors and the formulated attractiveness modeling 
approach, offers great potential for additional developments in exploratory analysis of 
the neighborhood dynamics and the impacts of additional drivers such as deprivation, 
violence, and other socio-cultural factors, driving the residential and even the social 
mobility of the population. 
The discussion work among planning agents (Medellín Metropolitan Area agencies), 
described throughout the document, represents an important line of work and research to 
be continued and deepened in the future. Special attention was paid to the common 
language and understanding consensus about fundamental issues such as the definition 
of “public policy”, and the urgent need to continue working in this line was revealed. 
The platform’s maintenance and management will motivate further study, updating and 
development and enhancement of modeling sequences. 
 
Future Developments and New Research 
Having gained an important knowledge about urban modeling and city agents’ dynamics, it 
is worth proposing the following envisioned research needs of the region.  
- Public Intervention externality analysis regarding the conflicts of social actors: one 
major externality generated by public intervention (infrastructure, land use policy, etc.) is 
the social actors’ interest conflicts, in opposition to or acceptance of the changes and in 
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 the face of discomforts and even drastic changes in the economy or social behavior. 
These interest conflicts drive many of the implementation problems that delay and/or 
obstruct the interventions.  
The platform offers information on many externalities that can give signals to identify 
conflicts of interest, but it does not endogenize its effects. An interesting open line of 
research is agent mapping and conflicts of interest analysis which would benefit from a 
research scope that follows the spatial and temporal changes of social agents’ positions 
when faced with interventions. Valuable information can be offered to planning exercises 
in an attempt to include political issues in the decision-making sequences and to 
demonstrate a more suitable and participative planning exercises. 
- Segregation analysis: An integrated and comprehensive analysis of segregation 
issues in the region can be approached using the attraction/expulsion dynamics proposed 
by the social actors and the territory feedback method from the platform. A segregation 
hypothesis can be analyzed to deepen the study of socioeconomic responses to 
intervention. 
 
5.3 Discussion and Publications Summary 
As described, the research has been supported by an extensive discussion with different 
planning agents of the academy and the local and national planning agencies. It has also 
been supported by an academic international socialization work represented by research 
groups’ visits and discussions, conference and seminar presentations, national and 
international abstracts and papers, and working papers to be submitted shortly. 
The following list summarizes these activities—related to all platform module 
development—to illustrate the level of discussion, exchange and the pertinence of the 
ideas presented in this dissertation. 
- Workshops and discussions 
Short visit to CSAP, Centre for Spatial Analysis and Policy, School of Geography, University of Leeds. Leeds, 
UK. October 25-30, 2010.  
Discussion with professors, researchers and students. Professors John Stillwell, Graham Clarke, Rachel 
Unsworth 
Short visit to Urban and Regional Research Centre Utrecht (URU),  
Department of human Geography and Urban and Regional Planning, Faculty of Geosciences, Utrecht 
University. Utrecht, The Netherlands. October 18-23, 2010 
Discussion with professors Henk Ottens, Stan Geertman, Otto Verkoren, Paul Van Lindert 
Participant and speaker. Workshop on "OR for Developing Countries - Young Researchers and PhD 
Symposium 
Lisbon, Portugal, July 10, 2010 
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 Remagen, Germany July 4, 2009 
Prague, Czech Republic, July 7, 2007 
Moderators: professors Gerhardwilhelm Weber (Middle East Technical University, turkey), Honora Smith 
(Southampton University, UK), Leroy White (Bristol University, UK), Elise del Rosario (IFORS board)  
Workshop IMUS, Advanced School in MAthematical MODeling. Instituto de Matemáticas de la Universidad de 
Sevilla; Sevilla, Spain, June 22-26, 2009. Discussion with professors and students. Professor Emilio 
Carrizosa 
Discussions, workshops and forums with researchers in Colombia 
Professor Michael McCall, Faculty of Geo-Information Science and Earth Observation (ITC); associate 
researcher at UNAM-CIGA, Medellín, july 2010. Invited researcher to the National University of Colombia, 
Medellín 
Professor Henk Ottens (Utrecht University), Medellín, November 7-13, 2008. Invited researcher to the 
discussion activities in the research project framework. 
Professor Pedro Abramo (Institute of Urban and Regional Planning and Research of the Federal University of 
Rio de Janeiro, Brazil), Carlos Morales-Schechinger (Institute for Housing and Urban Development Studies, 
The Netherlands and School of Architecture, Universidad Nacional Autónoma de México (UNAM)). In the 
framework of the academic exchange between Area Metropolitana del Valle de Aburrá (AMVA) and the 
Lincoln Institute of Land Policy, Medellín, october 2008. 
International academic events coordinated by the researcher 
OR for Development and Developing Countries. Invited Cluster at ALIO/INFORMS Joint International Meeting 
2010, Buenos Aires, Argentina, June 6-9, 2010 
Foro-debate Energía Ambiente (Forum-Debate Energy Environment). Medellín, Colombia, Abril 30, Mayo 30 
y 31 / 2007. In the framework of MEEE research projects. 
Discussions, workshops and forums motivated in the research framework 
Activities with national experts and regional planning agents took place along the project’s 4 years of work. 
 
 
Participation as speaker in academic events 
EURO XXIV. 24th European Conference on Operational Research. Lisboa, July 11-14, 2010 
ALIO-INFORMS 2010 Joint International Meeting. Buenos Aires, Junio 6-9, 2010 
EURO XXIII. 23ND European Conference on Operational Research. Bonn, Julio 5-8, 2009. 
ASMAMOD, Advanced School in MAthematical MODeling. Mathematics Institute, University of Seville, Seville, 
Spain, June 22-26, 2009. 
VIII Seminario Internacional sobre Análisis y Mercados Energéticos. Universidad Nacional de Colombia, sede 
Medellín y Universidad de los Andes. Medellín, Colombia, noviembre 29-30, 2007. 
4to Congreso de ciudad, Medellín una ciudad que se trasforma. Alcaldía de Medellín. Octubre 1-2, 2007 
EURO XXII. 22nd European Conference on Operational Research. Praga, Julio 8-11, 2007. 
Foro Debate Energía Ambiente. Universidad Nacional de Colombia, sede Medellín, Área Metropolitana del 
Valle de Aburrá. Medellín, Colombia, abril 31 y mayo 28-31 de 2007. 
I Congreso colombiano de calidad del aire y salud pública. Universidad Nacional de Colombia, sede Bogotá. 
Manizales Colombia, marzo 14-17, 2007.  
International Conference on Regional and Urban Modeling, ECOMOD. Bruselas –Bélgica, Junio 1 – 3, 2006. 
VII Seminario Internacional sobre Análisis y Mercados Energéticos. I Seminario CERES. Universidad 
Nacional de Colombia, sede Medellín y Universidad de los Andes. Bogotá, Colombia, octubre 5-7, 2005. 
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 - Publications 
Books (3). Rave, C. et al 2007 Energy Economy Environment Integrated assessment for sustainable planning 
for cities: Medellín Metropolitan Area (Spanish). ISBN 978-958-44-2123-4 
Book chapters (2). Rave, C. 2007 Abiotic Subsystem, Air pollution. In Integrated planning and management of 
the Aburra river watershed (Spanish). ISBN 978-958-44-2390-0 
National peer reviewed journals (9). 
Alzate, Cadena, Rave, Smith, 2007. Models to analyze urban transportation development of the Aburrá Valley 
from economic, energetic and environmental perspectives (Spanish). ISSN 0121–4993; 
Rave, C.C., Builes, L.A., Ossa, I.A., Smith, R.A.., 2007. Identification of Air pollution Critical zones due to 
atmospheric pollutants in the Medellín Metropolitan Area for decision making and environmental planning 
(Spanish). ISSN 0124.177X 
Builes, Franco, Rave, Smith, 2008. Alternatives analysis for Itagüí air quality improvement, using Energy 
Environment, Economics modeling scheme with Markal model and goals programming analysis (Spanish). 
ISSN 0124.177X. 
Conference Proceedings (39): 
Rave, C., Jaramillo, P., Perez, M., Zapata, E., 2010. Modeling approach for externality analysis of urban 
development in Medellín Metropolitan Area. EURO XXIV. 24th European Conference on Operational 
Research. Lisboa, July 11-14, 2010 
Rave, C., Jaramillo, P., Restrepo, J., Zapata, E., 2010. Modeling Approach for Qualifying, Management and 
Planning of Urban Services Networks. ALIO-INFORMS 2010 Joint International Meeting. Buenos Aires, Junio 
6-9, 2010 
Garzón, l., Rave, C., Morales, S., Olaya, Y. 2010. Modeling Approach for Effective Housing Demand 
Estimation in Medellín Metropolitan Area. ALIO-INFORMS 2010 Joint International Meeting. Buenos Aires, 
Junio 6-9, 2010 
Builes, A., Rave, C., 2010. Prospective Modeling Approach for Integration of Networked Services and Land 
use Policy Design. ALIO-INFORMS 2010 Joint International Meeting. Buenos Aires, Junio 6-9, 2010 
 
 
Working papers. International peer reviewed journals 
Modeling platform for urban occupation scenario analysis. Case study, Medellín Metropolitan Area 
(Colombia), Rave, C., Jaramillo, P., et al. Paper under scrutiny by referees from the Journal of Decision 
Support Systems. 
Planning and modeling paradigm analysis. Modeling strategies to bridge real practice and academic research. 
Rave, C. Paper under scrutiny by referees from the Journal of the Operational Research Society JSTOR 
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